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PREFACE. 


The  excellence  of  the  series  of  monographs  issued  under  the  editor- 
ship of  Professor  Nothnagel  has  been  recognized  by  all  who  are  suffi- 
ciently familiar  with  German  to  read  these  works,  and  the  series  has 
found  a  not  inconsiderable  proportion  of  its  distribution  in  this  and 
other  Enghsh-speaking  countries.  I  have  so  often  heard  regret  expressed 
by  those  whose  lack  of  familiarity  with  German  kept  these  works  beyond 
their  reach,  that  I  was  glad  of  the  opportunity  to  assist  in  the  bringing 
out  of  an  English  edition.  It  was  especially  gratifying  to  find  that  the 
prominent  specialists  who  were  invitetl  to  co-operate  by  editing  separate 
volumes  were  as  interested  as  myself  in  the  matter  of  publication  of  an 
English  edition.  These  editors  have  been  requested  to  make  such  addi- 
tions to  the  original  articles  as  seem  necessary  to  them  to  bring  the 
articles  fully  up  to  date  and  at  the  same  time  to  adapt  them  thoroughly 
to  the  American  or  English  reader.  The  names  of  the  editors  alone 
suffice  to  assure  the  profession  that  in  the  additions  there  will  be  pre- 
served the  same  high  standard  of  excellence  that  has  been  so  conspicuous 
a  feature  in  the  original  German  articles. 

In  all  cases  the  German  author  has  been  consulted  with  regard  to  the 
publication  of  this  edition  of  his  work,  and  has  given  specific  consent. 
In  one  case  only  it  was  unfortunately  necessary  to  substitute  for  the 
translation  of  the  German  article  an  entirely  new  one  by  an  American 
author,  on  account  of  a  previous  arrangement  of  the  German  author  to 
issue  a  translation  of  his  article  separately  from  this  series.  With  this 
exception  the  Nothnagel  series  will  be  presented  intact. 

ALFRED  STENGEL. 


EDITOR'S   PREFACE. 


The  articles  comprising  this  volume  are  authoritative  presentations 
of  the  more  important  scientific  aspects  of  Hematology  and  do  not 
pretend  to  fill  the  place  of  text-books  of  Clinical  Hematology.  Details 
regarding  methods  of  examination  have  been  omitted  by  the  authors 
of  the  original  articles,  and  the  editor  has  considered  it  proper  to  add 
only  such  recent  methods  as  had  a  bearing  on  the  subjects  discussed  in 
the  original  text.  In  the  same  spirit  additions  to  the  scientific  discus- 
sions have  been  limited  to  such  as  might  amplify  the  original  articles  or 
present  the  more  recent  views  of  other  authors,  including  those  who 
have  not  accepted  the  teacliings  of  tlic  authors  of  the  volume.  The 
task  of  editing  has  been  made  more  difficult  by  the  editor's  feeling  that 
the  character  of  the  volume  should  not  be  altered  through  an  attempt 
to  include  a  wider  range  of  subjects  than  the  original  articles  contained. 
The  teachings  of  Ehrlich  and  his  pupils  have  occasioned  not  a  little 
controversy ;  it  has  seemed  proper  to  refer  to  the  views  of  some  of  the 
opponents.  Less  occasion  was  found  to  add  to  the  article  on  Chlorosis, 
for  the  reason  that  there  has  been  less  activity  in  the  study  of  this  dis- 
ease, and  the  knowledge  of  the  present  day  is  more  fixed  and  probably 
more  certain. 

ALFRED  STENGEL. 
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INTRODUCTION. 

DEFINITION.-CLINICAL  METHODS  OF  EXAMINATION 
OF  THE  BLOOD. 

A  SOMEWHAT  different  significance  has  been  given  to  the  word 
"anemia"  in  practical  medicine  and  in  scientific  investigation.  The 
former  regards  as  significant  certain  striking  external  symjjtoms,  as 
pallor  of  the  skin,  and  a  diminished  redness  of  the  mucous  membrane 
of  the  eyes,  of  the  lips,  of  the  buccal  cavity,  and  of  the  throat.  More- 
over, these  symptoms  characterize  not  only  the  presence  of  anemia,  but, 
in  accordance  with  their  greater  or  less  intensity,  also  the  degree  of  the 
anemia. 

It  is  evident  a  priori  that  a  definition  constructed  on  such  a  frequent 
and  elementary  syndrome  must  include  conditions  not  belonging  together, 
and  omit  others  which  should  be  included.  As  a  matter  of  fact,  a 
series  of  ambiguities  and  contradictions  are  referable  to  this  circum- 
stance. 

The  first  problem  in  a  scientific  consideration  of  anemia  is  to  deter- 
mine carefully  the  limitation  of  the  term.  For  this  the  external  symp- 
toms are  little  adapted,  though  in  their  proper  place  their  practical 
significance  is  not  small. 

Etymologically  the  word  anemia  signifies  an  amount  of  blood  less 
than  that  in  health.  This  abnormality  may  be  "general,"  throughout 
the  entire  organism;  or  "local" — that  is,  confined  to  a  circumscribed 
region,  for  instance,  a  single  organ.  Tlie  latter,  the  local  anemias,  will 
be  omitted  entirely  from  consideration. 

The  amount  of  blood  may  be  less  than  normal  quantitatively  and 
qualitatively.  There  may  be  a  diminution  of  the  amount  without 
alteration  of  the  composition,  oligemia;  or  there  may  be  a  diminution 
of  the  essential  constituents  of  the  blood  inde})endently  of  general 
quantity.     In   this   latter  case  two  chief  types  are  differentiated :   a 
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diminution  of  the  hemoglobin,  ollgochromeinia,  and  a  diminution  of  the 
number  of  red  blood-corpuscles,  oligocythemia. 

The  term  anemia  includes  all  conditions  in  which  a  decrease  of  the 
hemoirlobin  is  perceptible.  In  the  great  majority  of  these,  but  not 
constantly,  there  is  at  the  same  time  more  or  less  oligemia  and  oligo- 
cythemia. 

The  most  important  methods  of  clinical  hematology  are  directed 
toward  the  demonstration  of  these  changes. 

Quantity  of  Blood. — The  estimation  of  the  entire  quantity  of 
blood  can  not  be  accomplished  by  any  method  now  at  our  disposal. 
Something  can  be  gathered  from  observation  of  the  previously  men- 
tioned symptoms,  namely,  the  redness  or  pallor  of  the  skin  and 
mucous  membranes ;  yet  these  are  to  a  great  extent  dependent  on  the 
composition  of  the  blood  (quality  of  the  blood),  and  not  on  the  turges- 
cence  of  the  peripheral  vessels.  If  the  latter  is  to  be  taken  as  a  criterion 
for  the  entire  amount  of  blood,  it  is  advisable  to  observe  isolated  vessels 
visible  to  the  naked  eye,  for  instance,  on  the  sclera,  or  even  more  partic- 
ularly those  on  the  posterior  eye-ground,  by  means  of  the  ophthalmo- 
sc(>]K\  Raehlmann  has  shown  that  in  60  per  cent,  of  cases  of  chronic 
anemia  in  which  the  skin  and  mucous  membranes  are  very  pale  there 
is  a  hyperemia  of  the  retina,  a  proof  that  in  such  cases  blood  that  is 
paler  than  normal  but  not  necessarily  less  in  quantity  circulates  in  the 
vessels.  A  more  important  criterion,  though  valuable  only  on  consider- 
able diminution  of  the  blood,  is  the  quality  of  the  pulse,  which  is  always 
especially  small  and  soft  in  marked  oligemia. 

The  tlow  of  blood  from  punctures  gives  a  further  indication  of  the 
amount  of  blood,  though  an  uncertain  one,  because  of  the  variable 
coagulability  of  the  blood.  Any  one  who  has  made  frequent  blood 
examinations  in  anemics  must  have  noticed  the  extraordinary  dif- 
ferences which  are  manifested.  In  some  cases  a  drop  of  blood  can 
scarcely  be  obtained  by  the  ordinary  methods,  while  in  others  the  blood 
gushes  freely.  It  is  impossible  to  err  in  the  first  instance  in  inferring 
an  absolute  diminution  in  the  amount  of  blood.  Still  the  turgescence 
of  the  peri])heral  vessels  is  of  only  relative  value  since  the  blood  con- 
tent of  the  different  organs  may  be  very  different. 

The  ])roblem  of  estimating  exactly  the  amount  of  blood  has  always 
been  recognized  as  important,  and  its  solution  will  mark  an  important 
advance  in  hematology.  Several  clinical  methods  have  been  proposed. 
Tarchanoff  suggested  that  the  amount  of  blood  be  estimated  by  com- 
])arison  of  the  number  of  red  blood-corpuscles  before  and  after  an 
active  artificial  sweat,  the  loss  of  water  in  which  has  been  measured. 
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Omitting  many  theoretic  considerations,  this  method  is  much  too  com- 
plicated for  practical  use. 

Quincke  proposed  a  method  by  means  of  the  transfusion  of  blood. 
He  claimed  that  from  the  number  of  red  blood-corpuscles  in  the  subject 
before  and  after  the  injection  of  a  definite  amount  of  blood  containing 
a  known  number  of  red  blood-corpuscles,  the  quantity  of  blood  might 
readily  be  estimated.  This  method  also  is  practicable  only  in  selected 
cases,  and  to  it  there  are  many  theoretic  objections.  In  the  first 
place,  it  is  naturally  dependent  on  the  relative  number  of  red  blood- 
corpuscles  in  the  blood,  inasmuch  as,  for  instance,  the  transfusion  of 
normal  blood  into  normal  blood  would  produce  no  change  in  the  num- 
ber. This  circumstance  alone  shows  that  the  procedure  is  practicable 
in  only  a  few  special  cases.  True,  it  has  been  proved  that  normal  blood 
injected  into  an  individual  showing  a  very  small  corpuscular  count  has 
produced  an  increase  of  red  blood-corpuscles  per  cubic  millimeter ;  yet 
it  is  extremely  hazardous  to  estimate  from  this  the  volume  of  the  pre- 
existent  blood,  since  currents  making  for  circulatory  equilibrium  and 
changes  in  the  distribution  of  the  blood  undoubtedly  follow  the  trans- 
fusion. 

It  is  much  more  practicable  to  introduce  directly  into  the  circulation 
soluble  chemic  substances  which  remain  in  the  serum  and  are  not  easily 
excreted  from  the  vessels  ("  serotrope  Stoffe  ").  The  antisera  are  the 
most  available  for  this  purpose,  since,  according  to  the  well-known 
investigations  of  Behring,  they  are  retained  a  long  time  in  the  serum. 
It  is  comparatively  easy  to  determine  the  degree  of  dilution  which  such 
bodies  undergo  in  the  circulation.  For  instance,  1  c.c.  of  tetanus 
antitoxin  solution  of  known  strength  is  injected  into  the  circulation  of 
an  individual,  and  after  allowing  the  blood  to  circulate  a  number  of  times 
in  order  to  bring  about  a  thorough  mixture  of  the  antitoxin,  several  cubic 
centimeters  of  blood  are  drawn  from  an  arm  vein.  If  the  serum  of  this 
blood  shows  one-three-thousandth  part  of  the  antitoxic  power  of  the 
undiluted  substance,  the  total  circulating  serum  must  amount  to  3000 
c.c.  and  the  entire  blood  to  over  6000  c.c.  In  anemics  the  proportion 
by  volume  of  the  serum  to  the  red  blood-corpuscles  must  naturally  be 
estimated  for  every  individual  case.  In  this  way  the  amount  of  blood 
may  be  quite  accurately  measured  in  the  living  subject  without  any 
considerable  difficulty. 

[Haldane  and  Smith  '  have  recently  applied  a  method  with  con- 
siderable success.  It  is  based  upon  the  quantity  of  CO  gas  absorbed 
by  the  l)lood  of  a  patient  when  a  certain  degree  of  saturation  is  obtained. 

'  Jour.  Physiol.,  vols.  xxii.  and  xxv. ;   Trans.  Path.  Soc,  London,  vol.  li. 
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The  patient  is  made  to  inhale  a  certain  quantity  of  CO  gas — e.  g., 
100  c.c. ;  if  the  test  sample  of  blood  shows  by  their  special  method 
20  per  cent,  saturation,  tlie  total  capacity  for  CO  is  500  c.c.  The 
total  quantity  of  blood  is  then  determined  by  comparing  the  color  of 
the  patient's  blood  with  that  of  ox  blood  of  knowai  capacity  for  CO 
absorption.  If,  for  example,  the  color  of  the  sample,  as  tested  above,  is 
the  same  as  that  of  ox  blood,  100  c.c.  of  which  are  capable  of  absorbing 
20  c.c.  of  CO  gas,  the  patient's  blood  contained  20  c.c.  of  CO  gas  in 
every  100  c.c.  of  his  blood.  To  absorb  500  c.c.  of  CO  his  blood  volume 
must  therefore  have  been  (500  ^  20  =)  25  X  100  c.c,  or  2500  c.c. 
Using  this  method,  the  authors  determined  the  total  normal  blood 
volume  at  from  2.S30  to  4550  gm.,  or  one-thirtieth  to  one-sixteenth  of 
the  body  weight. — Ed.] 

Number  of  Red  Corpuscles. — There  is  no  constituent  of  the 
blood  which  has  been  so  accurately  and  regularly  estimated  as  the 
number  of  red  corpuscles  in  a  cubic  centimeter  of  blood.  The  simplicity 
of  the  counting  apparatus  commended  the  method.  The  most  commonly 
employed  are  the  Thoma-Zeiss  and  similarly  constructed  instruments,  the 
priuciple  of  which  may  be  assumed  to  be  known.  For  the  dilution  of  the 
blood  a  series  of  fluids  have  been  proposed  w^hich  are  claimed  to  pre- 
serve the  shape  and  color  of  the  red  blood-corpuscles,  prevent  rouleaux 
formation,  and  encourage  rapid  sedimentation.  Among  the  well-known 
solutions,  Pacini's  and  Hayem's  may  be  mentioned  : 

Pacini's  fluid : 

HydnuK.  biclilor 2.0 

Sodii  chlor 4.0 

Glycerin 26.0 

Aqua  destill 226.0 

Hayem's  fluid  : 

Ilydrai'ij.  hichlor 0.5 

Sodii  sulpli. 5.0 

iSodii  chlonit 1.0 

Aqua  destill 200.0 

The  estimation  of  the  white  blood-corpuscles,  which  is  carried  out  with  a 
similar  instrument,  hut  as  a  rule  with  the  blood  diluted  10  instead  of  100 
times,  requires  a  diluting  fluid  which  destroys  the  red  blood-corpu.scles  and 
makes  the  white  more  conspicuous  by  emphasizing  their  nuclei.  The  solu- 
tion most  adapted  to  this  purpose  is  that  recommended  by  Thoma,  namely, 
al)Out  0.5  y)er  cent,  acetic  acid  solution  to  which  a  trace  of  methyl-violet  has 
been  added. ^ 

The  results  of  this  method  of  counting  are  exceedingly  accurate  in 
that  A.  R.  Thoma  and  I.  F.  Lyon  have  shown  that  the  probability  of 

'  For  tlie  estimation  of  the  proportion  of  the  white  to  the  red  corpuscles,  as  well  as 
of  the  individual  forms  to  one  another,  see  section  on  Morphology  of  the  Blood. 
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error  is  only  5  per  cent,  on  counting  200  cells,  2  per  cent,  for  1250,  1 
per  cent,  for  5000,  0.5  per  cent,  for  20,000  cells. 

In  the  practical  application  of  the  method  factors  come  into  con- 
sideration which  modify  the  accuracy  of  the  count.  Cohnstein  and 
Zuntz,  and  others,  have  shown  that  the  blood  of  the  larger  vascular 
trunk  is  constant  in  composition,  while  that  of  small  vessels  and  capil- 
liaries  may  have  considerable  variations ;  for  instance,  the  capillary 
blood  may  differ  on  the  two  sides  in  a  hemiplegic,  and  stasis,  cold,  etc., 
may  raise  the  number  of  red  blood-corpuscles  locally.  In  counting, 
therefore,  the  blood  should  be  drawn  only  from  parts  of  the  body  free 
from  striking  changes ;  all  manipulation  should  be  avoided  which 
might  change  the  capillary  circulation,  like  rubbing,  friction,  etc. ;  and 
the  examination  should  be  undertaken  at  a  time  when  the  number  of 
red  blood-corpuscles  is  not  influenced  by  digestion  or  medicaments. 

The  general  practice  is  to  take  the  blood  from  the  tip  of  the  finger, 
and  only  exceptionally — for  instance,  in  case  of  edema  of  the  fingers — 
from  other  places,  like  the  lobe  of  the  ear  or  the  great  toe  (especially  in 
children).  A  sharp  needle  or  the  open  or  concealed  lancets  constructed 
for  the  purpose  are  unnecessary ;  the  author  recommends  most  highly, 
in  place  of  all  complicated  apparatuses,  a  new  steel  writing-pen,  one 
prong  of  which  has  been  broken  off.  Such  a  pen  is  readily  disinfected 
by  heating  it  in  a  flame,  and  with  it,  not  a  prick,  but  a  more  satisfactory 
open  wound  is  obtained  from  which  the  blood  flows  freely  without 
pressure. 

The  literature  in  regard  to  the  estimation  of  red  blood-corpuscles  in 
health  is  almost  unlimited.  According  to  the  recent  statistics  of  Reinert 
and  V.  Limbeck,  the  following  figures  (reckoned  per  c.mm.)  may  be  con- 
sidered physiologic : 

Men. 

Maximum.  Minimum.  Average. 

7,000,000  4,000,000  5,000,000 

Women. 

Maximum.  Minimum.  Average. 

5,250,000  4,500,000  4,500,000 

This  difference  between  the  sexes  begins  at  the  puberty  of  the 
female,  up  to  which  time  (the  beginning  of  menstruation)  she  possesses 
a  somewhat  larger  number  of  red  blood-corpuscles  (Stierlin).  Othor- 
w^ise  age  seems  to  exercise  no  influence,  except  in  the  case  of  the  new- 
born, when  polycythemia  (up  to  8,500,000  during  the  first  days  of  life)  is 
regularly  observed  (E.  Schiff).  From  the  time  of  the  first  feeding  this 
number  gradually  decreases  to  the  normal,  which  is  reached  in  from  ten 
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to  fourteen  days.  Now  and  again,  according  to  Schmaltz,  oligocythemia 
is  observ^ed  in  old  age ;  yet  this  is  not  the  rule,  and  must  therefore  be 
considered  not  a  physiologic  peculiarity,  but  a  consequence  of  allied 
conditions. 

The  influence  ordinarily  exercised  on  the  number  of  red  blood-cor- 
puscles by  the  taking  of  nourishment  is  attributable  to  the  introduction 
of  fluid,  and  is  so  slight  that  the  deviations  usually  lie  within  the  limits 
of  technical  error. 

Other  physiologic  factors,  like  the  first  menstruation,  pregnancy, 
and  lacttition,  have  no  perceptible  influence.  There  is  also  no  diifer- 
ence  between  arterial  and  venous  blood. 

All  fluctuations  in  the  number  of  blood-corpuscles  within  the  physio- 
logic limit  are,  according  to  Cohnstein  and  Zuntz,  dependent  on  vasomotor 
influences.  Irritations  by  which  peripheral  vessels  become  narrower, 
lessen  the  number  in  that  locality,  while  stimulation  of  the  vaso- 
dilators produces  the  opposite  effect.  This  would  go  to  prove  that  the 
physiologic  fluctuations  of  number  in  any  locality  are  only  the  expres- 
sion of  a  changed  distribution  of  the  red  elements  within  the  vessels, 
and  are  entirely  independent  of  new  formation  and  destruction  of  the 
cells. 

Climatic  conditions  apparently  have  greater  influence  on  the  number 
of  blood-corpuscles.  This  question  is  important  from  a  physiologic, 
pathologic,  and  therapeutic  standpoint,  and  has  been  brought  to  the 
foreground  during  recent  years  by  A'^iault's  investigations  at  the 
summit  of  the  Cordilleras.  From  these  researches,  as  w^ell  as  from 
those  of  ISIercier,  Egger,  Wolif,  Koppe,  v.  Jaruntowski  and  Schroder, 
Miescher,  Kiindig,  and  others,  it  appears  that  the  number  of  red  blood- 
corpuscles  in  a  healthy  man  with  a  normal  average  of  5,000,000  per 
c.mm.,  begins  to  increase  immediately  after  arrival  at  a  high  altitude. 
After  a  gradual  increase  for  about  ten  or  fourteen  days,  a  new  average 
becomes  established.  This  is  in  excess  of  the  original  average  in  accord- 
ance M'ith  the  diff*erence  in  heig-ht  above  the  sea-level  between  the  former 
and  the  present  habitation.  Moreover,  individuals  born  and  residing  in 
olevated  regions  have  a  physiologic  average  in  excess  of  that  seen  at 
sea-level,  and  this  average  is,  as  a  rule,  somewhat  greater  than  that  seen 
in  the  acclimatized — /.  e.,  those  who  reside  only  transiently  at  an  ele- 
vation. 

The  following  scale  shows  to  what  extent  increase  in  height  pro- 
duces a  deviation  in  the  number  of  blood-corpuscles  from  the  normal 
average  (5,000,000). 
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Writer.  Place.  ^l^fa^L^^l.^^  Increase  about 

V.  Jaruntowski.  GK5rbei-sdorf.  561  m.  800,000 

Wolff  and  Koppe.  Keiboldsgrun.  700  m.  1,000,000 

Egger.  Arosa.  1800  m.  2,000,000 

Viault.  Cordillei-as.  4392  m.  3,000,000 

Exactly  the  opposite  is  seen  when  an  individual  with  this  high  cor- 
puscular count  descends  toward  the  sea-level. 

This  highly  interesting  phenomenon  gave  rise  to  different  explana- 
tions and  hypotheses.  The  immediate  cause  was  first  attributed  to  the 
lessened  pressure  of  the  higher  air.  Miescher  especially  made  the  lack 
of  oxygen  a  specific  stimulus  for  a  new  formation  of  erythrocytes. 
Omitting  the  physiologic  improbability  of  such  a  rapid  and  comprehen- 
sive new  formation,  this  explanation  must  be  rejected  because  the  histo- 
logic picture  presents  no  proof  {i.  e.,  excess  of  normoblasts).  Koppe 
directed  his  investigations  to  the  morphologic  findings  during  acclima- 
tization, and  demonstrated  that  two  processes  completely  independent 
of  one  another  may  be  differentiated.  He  found  simultaneously  with 
the  primary  increase  of  red  blood-discs  numerous  poikilocytes  and 
microcytes.  The  increase  therefore  may  be  explained  by  the  constric- 
tion and  division  of  the  red  corpuscles  already  in  the  blood.  On  the 
basis  of  Ehrlich's  explanation  of  poikilocytosis,  K5ppe  sees  in  this 
process  a  physiologic  adaptation  to  the  lowered  pressure  of  the  air  which 
makes  the  taking  up  of  oxygen  more  difficult.  This  embarrassment  of 
the  function  of  the  hemoglobin  is  to  a  certain  extent  compensated  by  the 
exposure  of  a  greater  surface,  this  resulting  in  increased  respiration.  It 
is  thus  easily  understood  why  with  the  primary  increase  in  corpuscles 
there  is  no  increase  in  the  percentage  of  hemoglobin  or  in  the  entire 
volume  of  the  red  blood-corpuscles.  An  increased  formation  of  normal 
red  blood-corpuscles  first  occurs  during  the  second  process,  and  natu- 
rally requires  a  longer  period  of  time  for  its  development.  Correspond- 
ing to  the  degree  of  this  new  formation,  the  poikilocytes  and  microcytes 
disappear,  so  that  eventually  we  have  a  blood  characterized  by  an  in- 
creased number  of  normal  red  blood-corpuscles  together  with  a  propor- 
tionate increase  in  hemoglobin  and  in  volume  of  the  corpuscular 
elements. 

Other  authorities  assume  only  a  relative  and  not  an  absolute  increase 
of  red  blood-corpuscles.  E.  Grawitz  has  expressed  the  opinion  that 
the  increase  in  the  number  of  corpuscles  is  entirely  explained  by  an 
increased  concentration  of  the  blood,  the  result  of  an  increased  excre- 
tion of  water  at  these  heights.  Animals  experimented  on  by  Grawitz 
in    rarefied   air    seem    to    show    this,    yet    v.    Limbeck,    and   Schum- 
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burg  and  Ziintz  contend  that  if  the  loss  of  water  is  so  great  as  to 
cause  such  a  considerable  increase  in  the  count,  a  corresponding  dimi- 
nution of  body  weigiit  should  be  evident,  which  is  not  the  case. 

Schumburg  and  Zuntz  also  regard  the  increase  of  red  blood-corpus- 
cles on  high  mountains  as  relative,  and  explain  it  by  an  altered  distri- 
bution of  the  corpuscular  elements  within  the  vascular  system.  In 
previous  investigations  Cohnstein  and  Zuntz  demonstrated  that  the 
number  of  blood-corpuscles  in  the  capillaries  varies  with  the  dilatation 
of  the  vessel  and  the  rapidity  of  the  blood-stream  When  one  considers 
the  numerous  physiologic  influences  which  may  affect  these  factors,  one 
must  include  them  in  explaining  alterations  in  the  number  of  the  cor- 
puscles. Moreover,  on  residence  at  high  altitudes  new  factors  come  in 
to  produce  changes  in  the  circulation  and  in  the  dilatation  of  the  vessels. 
Among  these  factors  may  be  mentioned  intense  light  (clear  atmosphere), 
lowering  of  the  temperature,  muscular  eifort,  and  increased  activity  of 
respiration.  Considerable  alterations  may  therefore  occur  in  the  number 
of  the  red  blood-corpuscles  in  the  capillary  blood  without  the  formation 
of  microcytes  and  without  formation  of  new  cells. 

The  contradiction  in  those  two  views,  namely,  of  Grawitz  and  of 
Zuntz  and  Schumburg,  finds  its  explanation  in  the  fact  that  both  factors 
play  important  roles  in  the  acute  changes,  though  they  become  less  con- 
spicuous the  longer  the  residence  at  a  height  (Viault).  [Loez  ^  also 
found  that  the  increase  of  corpuscles  so  conspicuous  at  first  partially 
disappears  in  two  or  three  years.  Natives  of  high  altitudes  stand  mid- 
way between  those  of  low  altitudes  and  newcomers  in  higher  places  in 
the  number  of  red  corpuscles. — Ed.]  The  conclusion  therefore  seems 
probable  that  on  prolonged  residence  in  a  high  region  the  number  of 
red  blood-corpuscles  increases  absolutely,  a  circumstance  of  considerable 
therapeutic  importance. 

[Stengel  ^  thinks  the  jirobable  explanation  of  the  changed  number 
of  corpuscles  may  be  found  in  vasomotor  conditions  and  altered  distri- 
bution of  serum  and  corpuscles  in  the  circulation. 

Abderhalden^  has  made  some  studies  in  rats  and  guinea-pigs  to 
determine  the  effect  of  elevation  on  the  red  corpuscles.  He  concluded 
that  the  increase  in  the  number  of  the  red  corpuscles  is  not  due  to  in- 
creased formation  of  these  cells,  and  instances  as  proofs  of  this  view 
both  the  rapid  increase  of  the  erythrocytes  and  hemoglobin  in  a  high 
altitude,   and   the   absence  of  any  signs  of  increased  formation  of  red 

'  Phlla.  Med.  Jour.,  1900,  p.  1074. 

'  "  The  Nature  and  Varieties  of  Anemia,"  Jour.  Amer.  Med.  Aasoe.,  July  24,  1897. 

5  Inaug.  Dissert..  Basle,  1902. 
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cells  in  a  high  altitude  or  destruction  of  these  cells  on  returning  to  a 
lower  level,  such  as  would  occur  if  there  were  active  destruction  of  cor- 
puscles. His  conclusion  is  that  the  theory  of  Bunge,  that  the  increase 
of  corpuscles  results  from  a  contraction  of  the  vascular  channels,  is 
correct. 

Campbell  and  Hoagland  ^  found  the  number  of  erythrocytes  increased 
about  50,000  for  each  1000  feet  of  elevation.  The  pulse-rate  keeps 
pace  with  the  change  in  the  blood,  and  they  refer  both  alterations  to  the 
vasomotor  disturbances  resulting  from  reduced  pressure.  The  lack  of 
increase  of  hemoglobin  corresponding  to  the  increase  in  the  number  of 
corpuscles  they  think  due  to  the  fact  that  the  preliminaiy  increase  in 
erythrocytes  is  only  ai)parent.  Later  there  are  an  actual  increase  in  red 
cells  and  a  corresponding  increase  in  hemoglobin. — Ed.] 

On  the  other  hand,  Gaule,^  who  found  in  aeronauts  a  marked  in- 
crease in  the  red  corpuscles  to  8,800,000  at  an  elevation  of  4600  meters, 
and  a  decrease  in  the  hemoglobin,  concludes  that  this  is  due  to  a  new 
formation  of  red  corpuscles,  or  at  least  is  partly  due  to  a  new  formation 
of  red  corpuscles  and  partly  to  an  alteration  of  the  old  cells.  On  a 
second  ascension  he  could  demonstrate  pictures  of  altered  corpuscles 
such  as  are  ordinarily  observed  in  bone-marrow,  in  the  embryo,  and  in 
certain  diseased  conditions. 

In  addition  to  altitude  the  influence  of  the  tropics  on  the  composi- 
tion of  the  blood,  especially  the  number  of  corpuscles,  has  been  studied, 
and  although  the  almost  regularly  pale  appearance  of  Europeans  in  the 
tropics  would  point  to  alterations,  Eykmann  and  Glogner  found  none. 
Here,  too,  mere  changes  in  the  distribution  of  the  blood  seem  to  play 
the  principal  role. 

Less  reliance  can  be  placed  on  the  Thoma-Zeiss  and  allied  counting 
methods  in  anemic  than  in  normal  blood,  in  which,  generally  speaking, 
all  red  blood-cells  are  of  the  same  size  and  contain  the  same  amount  of 
hemoglobin.  In  anemia,  as  will  be  seen  later,  the  red  blood-corpuscles 
are  very  dissimilar.  On  the  one  hand,  an  impoverishment  of  hemo- 
globin is  found  ;  on  the  other,  very  small  forms  which  may  pass  unnoticed 
in  the  counting. 

Moreover,  omitting  these  extreme  forms,  1000  red  corpuscles  of 
anemic  blood  would  by  no  means  correspond  in  their  physiologic  capa- 
bility to  an  equal  number  from  normal  blood.  It  is  therefore  evident 
that  the  real  value  of  the  number  of  the  red  blood-corpuscles  can  not 
be  estimated  apart  from  the  hemoglobinometric  and  histologic  findings. 

'  Amer.  Jour.  Med.  Sci.,    1901,  cxxii.,  6,  p.  G54. 

*  Archiv.f.  d.  (/fi'.  Phyniol.,  1902,  Ixxxix.,  3  u.  4,  p.  119. 
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Separated  from  these,  the  mere  count  may  lead  to  error,  especially  in 
pathologic  conditions. 

Relative  Sisje  of  Red  Corpuscles. — It  is  therefore  desirable 
at  times  to  supplement  the  results  of  the  count  by  the  determination  of 
the  size  of  the  individual  red  blood-corpuscles.  This  is  accomplished 
by  the  direct  measurement  of  the  diameter  by  means  of  an  eye-piece 
micrometer,  which  can  be  employed  both  with  dry  (see  below)  and 
moist  preparations,  although  generally  employed  with  the  former  on 
account  of  the  greater  sinq^licity.  Still,  this  requires  a  certain  amount 
of  careful  tcchnic.  It  is  readily  seen  in  dry  preparations  of  normal 
blood  that  the  red  blood-corpuscles  appear  smaller  when  in  thick  layers 
than  wheu  more  distributed.  This  is  due  to  the  fact  that  in  the  thick 
layer  the  red  discs  are  surrounded  by  serum  during  their  drying,  while 
in  thin  preparations  only  a  capillary  layer  of  serum,  attaching  them  to  the 
underlying  glass,  is  present.  In  the  latter  case  the  drying  occurs  almost 
instantaneously,  so  that  a  change  of  form  or  size  can  not  occiu*,  while 
tlie  j)roeess  of  drying  in  tiie  thicker  parts  proceeds  more  slowly,  and  is 
thereby  more  likely  to  be  accompanied  by  shrinking. 

[The  size  of  the  red  corpuscles  may  be  determined  by  accurate 
enumeration  and  estimation  of  the  bulk  of  corpuscles  in  a  given  bulk 
of  blood.  The  enumeration  is  carried  out  by  the  ordinary  methods  ;  the 
bulk,  by  centrifugation  in  accurately  measured  pipets.  The  range  of 
error  is  necessarily  great. — Ed.] 

Even  in  health  a' study  of  the  blood  will  show  slight  diiferences 
in  the  individual  blood-discs.  The  normal  average  diameter  of  the 
broad  surface  is,  according  to  Laache,  Hayem,  Schumann,  and  others, 
in  males  and  females,  8.5  /i  (maximum,  9  [t ;  minimum,  6.5  //).  In 
anemic  blood  the  differences  between  the  individual  elements  is  much 
greater,  and  the  average  is  t)btained  by  determining  the  maxima  and 
minima  of  a  large  numl)er  of  cells  selected  at  random.  When  there  is 
a  high  degree  of  dissimilarity,  this  estimation  is  devoid  of  scientific 
value. 

Determination  of  the  Hemoglobin. — ^A^aluable  as  the  knowl- 
edge of  the  absolute  num])er  of  red  blood-corpuscles  is  in  the  diagnosis 
of  disease,  it  tells  one  nothing  about  the  amount  of  hemoglobin  in  the 
blood,  which  is  the  decisive  criterion  of  the  degree  of  the  anemia.  For 
the  determination  of  the  hemoglobin  we  have  a  series  of  clinical  methods, 
some  direct,  as  the  colorimetric,  others  indirect,  as  the  estimation  of  the 
specific  gravity,  of  the  volume  of  the  red  blood-corpuscles,  and  of  the 
dry  residue  of  the  blood. 

Among  the  direct  methods  will  be  mentioned  first  one  which  makes 
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no  great  claim  to  accuracy,  but  which  does  good  service  in  a  rapid  estima- 
tion at  the  bedside.  The  difference  in  color  between  anemic  and  healthy 
blood  can  be  recognized  more  readily  when  it  is  allowed  to  spread 
in  a  thin  layer  on  linen  or  filter-paper  than  when  one  merely  o})serves 
the  drops  issuing  from  a  finger-prick.  With  a  little  experience  one  can 
in  this  way  roughly  estimate  the  degree  of  the  existing  anemia.  If  this 
simple  method,  so  readily  carried  out  at  the  bedside,  were  commonly 
adopted,  it  would  contribute  much  toward  the  overthrow  of  the  popular 
diagnosis  of  ''anemia."  Moreover,  in  neurasthenics,  who  frequently 
appear  anemic  and  persuade  themselves  that  they  are  so,  such  a  demon- 
stratio  ad  oculos  is  frequently  sufficient  to  convince  them  of  the  contrary. 

[Tallqvist  ^  has  devised  a  simple  method  of  testing  the  quantity  of 
hemoglobin,  based  on  the  same  principle.  This  consists  in  the  compari- 
son of  a  color  scale  on  paper  with  the  color  produced  on  filter-paper  by 
the  application  of  a  drop  of  blood.  The  color  scale  is  arranged  in  a 
small  book,  and  consists  of  ten  distinct  sections  ranging  from  10  per 
cent,  to  100  per  cent.,  and  corresponding  approximately  to  the  Fleischl 
scale.  A  drop  of  blood  is  allowed  to  soak  the  edge  of  a  piece  of 
filter-paper  specially  prepared  and  furnished  with  the  booklet,  and  the 
stain  is  then  compared  with  the  colors  on  the  scale.  The  reading  must 
be  performed  in  daylight.  Accuracy  in  reading  may  be  enhanced  by 
cutting  a  small  circular  hole  through  each  of  the  sections  of  the  color 
scale  and  applying  the  test  back  of  this.  The  slightest  deviation  in 
color  can  then  be  readily  detected.  The  defects  of  this  method  are  that 
the  colors  are  not  constant,  and  that  the  variations  of  shades  in  the 
higher  percentages  are  so  slight  as  to  make  an  accurate  reading  practi- 
cally impossible. — Ed.] 

Among  the  instruments  for  measuring  the  coloring-matter  of  the 
blood,  "  Hoppe-Seyler's  colorimetric  double  pipet "  is  probably  the 
best :  in  this  an  accuratelv  titrated  solution  of  carbonic-oxid-hemooflobin 
serves  for  com])arison.  The  preparation  and  preservation  of  such  a 
standard  solution,  however,  are  attended  with  such  difficulties  that  this 
method  can  not  be  reckoned  among  the  clinical  ones  which  will  be 
considered.  Lately  Zangemeister,  a  pupil  of  Kiihne's,  has  proposed 
an  apparatus  for  colorimetric  purposes,  adaptable  for  hemoglobin.  It 
depends  on  the  principle  that  the  amount  of  coloring-matter  can  be 
estimated  from  the  thickness  of  the  layer  required  to  make  the  trial 
solution  correspond  in  color  to  the  standard  solution.  He  employs  as  a 
standard  a  methemoglobin-glycerin  solution  made  from  hogs'  blood.  As 
far  as  the  author  knows,  this  important  method  has  not  been  adopted 
'  Zeitschr.  f.  kiln.  Med.,  1900,  Bd.  xl.  Hefte  1  u.  2. 
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in  practice.  For  the  present,  the  most  useful  methods  are  those  in 
which  colored  glass  or  solutions  which  retain  their  color  are  employed 
as  standards.  There  are  a  large  number  of  these,  though  the  most 
commonly  used  are  Fleischl's  "  hemometer,"  and  on  account  of  its 
low  })rice  Gowers'  *'  hemoglobinometer."  Both  instruments  show  the 
percentage  of  hemoglobin  in  comparison  with  normal,  and  are  for  prac- 
tical purposes  sufficiently  accurate  even  though  in  inexperienced  hands 
errors  of  10  per  cent,  or  more  occur  (K.  H.  ^Nlayer). 

[Dare '  has  devised  a  simple  and  reliable  instrument  having  the 
advantage  that  undiluted  blood  is  compared  with  a  disc  of  colored 
glass.  The  blood  is  allowed  to  flow  between  two  small  plates  of  glass, 
one  transparent  and  the  other  white  aud  translucent.  The  color  of  this 
film  is  compared  with  that  of  a  disc  of  colored  glass,  which  may  be 
rotated  back  of  the  blood-containing  plates  and  in  front  of  a  candle  used 
for  illumination.  The  ease  of  operation  and  the  fact  that  the  examina- 
tion can  be  made  without  exclusion  of  surrounding  light  are  important 
advantages. — Ed.] 

Very  recently  Biernacki  objected  to  the  quantitative  estimation  of 
hemoglobin  by  the  colorimetric  methods  because  the  coloring  power  of 
the  blood  does  not  depend  alone  on  the  amount  of  hemoglobin  that  it 
contains,  but  also  on  the  staining  of  the  plasma  and  the  greater  or  less 
quantity  of  albumin  in  the  blood.  This  objection  is  valueless  as  far  as 
the  apparatuses  in  question  are  concerned,  since  the  blood  is  so  diluted 
with  water  that  the  differences  originally  present  are  reduced  to  nil. 

Among  the  indirect  methods  of  estimating  the  amount  of  hemoglobin 
that  which  determines  it  from  the  amount  of  iron  in  the  blood  may 
be  considered  quite  accurate,  since  hemoglobin  possesses  a  constant  per- 
centage of  iron  (0.42  per  cent.).  This  method  is  undoubtedly  justi- 
fiable for  normal  blood  in  which  there  is  a  constant  proportion  between 
the  hemoglobin  and  the  amount  of  iron.  A.  Jolles  recently  proposed 
an  apparatus  ("  fcrrometer ")  which  estimates  rapidly  and  exactly  the 
amount  of  iron  in  small  quantities  of  blood. 

In  pathologic  cases,  however,  this  method  of  estimating  the  hemo- 
globin is  not  advisable.  If  anemic  blood  is  tested  under  the  micro- 
scope with  j)roper  reagents,  an  iron  reaction  may  be  found  in  numerous 
red  blood-corpuscles,  which  shows  the  presence  of  iron  besides  that  which 
is  a  constituent  of  the  hemoglobin.  Moreover,  other  iron  may  be  con- 
tained in  the  morphologic  elements,  even  the  white  blood-corpuscles,  in 
forms  not  certainly  demonstrable  as  combinations  with  albumin.  Fur- 
tluT,  it  is  known  that  the  amount  of  iron  in  the  organs  is  increased  in 
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anemia  (Quincke),  though  frequently  as  an  expression  of  increased 
destruction  of  hemoglobin  ("  debris  iron,"  "  spondogenous  iron  ").  The 
thought  naturally  arises,  too,  that  the  medical  administration  of  iron  may 
increase  the  amount  of  iron  in  the  blood  and  in  tlie  organs.  It  is 
therefore  evident  how  unsatisfactory  in  pathologic  cases  is  the  estimation 
of  hemoglobin  from  the  amount  of  iron. 

The  author  is  forced  to  insist  on  this  matter  on  account  of  the 
very  strange  conclusions  arrived  at  by  Biernacki  from  making  the 
amount  of  iron  a  criterion  for  the  amount  of  hemoglobin  in  the  blood. 
He  found,  for  instance,  the  iron  quite  normal  in  two  mild  and  one 
severe  case  of  chlorosis,  and  jumped  to  the  conclusion  that  chlorosis — 
as  well  as  other  anemias — showed  no  diminution,  but  rather  a  relative 
increase  iu  the  hemoglobin,  while  other  albumins  of  the  blood  were 
decreased.  Even  if  these  iron  estimations,  which  are  very  different  from 
those  of  other  investigators,  were  entirely  reliable,  which  could  be 
assumed  only  by  the  most  careful  repetition  of  the  experiments,  the 
broad  conclusions  drawn  by  Biernacki  were  unjustified.  Thorough  in- 
vestigations with  the  aid  of  Jolles'  ferrometer  would  be  desirable  in 
these  cases. 

Specific  Gravity. — Considerable  significance  has  long  been  attrib- 
uted to  the  specific  gravity  of  the  blood,  since  the  thickness  of  the 
blood  is  a  criterion  for  the  number  of  corpuscles  and  the  amount  of 
hemoglobin.  Numerous  experiments  in  this  direction  are  at  hand, 
since  in  late  years  two  methods  have  been  introduced  which  require  but 
little  material  and  are  not  too  complicated  for  practical  clinical  pur- 
poses. The  first  was  suggested  by  R.  Schmaltz,  and  consists  in  the 
weighing  of  small  quantities  of  blood  in  glass  capillary  tubes  ("  capillary 
pycnometric  method  ")  ;  the  other  by  A.  Hammerschlag,  who,  varying 
the  principle  proposed  by  Fano,  experiments  till  he  finds  a  mixture  of 
chloroform  and  benzol  in  which  a  drop  of  the  blood  to  be  examined 
will  neither  rise  to  the  top  nor  sink  to  the  bottom,  in  other  words,  which 
accurately  represents  the  specific  gravity  of  the  examined  blood. 

From  the  investigations  of  these  and  numerous  others  who  have 
used  the  methods,  the  specific  gravity  of  the  blood  was  found  to  be 
normally  1058  to  1062,  or  on  an  average  1059  (in  women,  1056)  ;  the 
specific  gravity  of  the  serum,  1029  to  1032,  or  an  average  of  1030. 
From  this  it  is  evident  that  the  red  blood-corpuscles  are  responsible  for 
the  greater  part  of  the  weight  of  the  blood.  Therefore,  if  they  lessen 
in  number  or  if  they  remain  the  same  but  lose  in  hemoglobin  or  volume, 
these  changes  will  produce  a  corresjionding  decrease  in  the  specific 
gravity.     Consequently  one  would   expect  in   all  anemic  conditions  a 
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lessened  specific  gravity.  Reversely,  with  increase  in  the  number  of 
corpuscles  or  a  higher  hemoglobin  content  there  is  an  increase  in  the 
thickness  of  the  entire  blood. 

Hammerschlag,  from  a  large  series  of  experiments,  has  demonstrated 
that  the  relation  between  the  specific  gravity  and  the  amount  of  hemo- 
globin is  much  closer  than  that  between  the  specific  gravity  and  the 
number  of  corpuscles  ;  in  fact,  the  former  is  so  constant  as  to  allow  a 
graphic  representation  : 

£,       ...  ..  Amount  of  hemoglobin 

Specific  gravity.  (according  to  Fleischl). 

10?>:^-1035 25-30  per  cent. 

1035-1038 30-35  " 

1038-1040 35-40  " 

1040-1045  40-45  " 

1045-1048 45-55  " 

104S-1050 55-65  " 

1050-1053 65-70  " 

1053-1055 70-75  " 

105-5-1057 •    • 75-85  " 

1057-1060 85-95  " 

In  a  very  recent  work  Dieballa  devoted  particular  attention  to  these 
relations.  His  results  sometimes  confirm  Hammerschlag's,  or  again 
supplement  them.  He  obtained  from  his  comparative  estimations  an 
average  which  showed  that  differences  of  10  per  cent,  hemoglobin 
(Fleischl)  in  general  correspond  to  differences  of  4.46  pro  mille  specific 
gravity  (Hammerschlag's  method).  Yet  with  exactly  similar  amounts 
of  hemoglobin,  differences  in  specific  gravity  up  to  13.5  pro  mille  are 
demonstrable,  and  these  deviations  are  greater  the  greater  the  amount 
of  hemoglobin  in  the  blood.  Regular  differences  exist  between  men 
and  women,  the  latter  showing,  with  an  equal  amount  of  hemoglobin, 
a  specific  gravity  of  2  to  2.5  less.  If  the  correspondence  between  the 
number  of  red  blood-corpuscles  and  the  amount  of  hemoglobin  is  mark- 
edly disturbed,  the  influence  of  the  stroma  of  the  red  disc  on  the 
specific  gravity  is  noticeable.  Dieballa  reckons  that  the  stroma  can  pro- 
duce differences  in  the  specific  gravity  of  4  to  5  pro  mille  in  two  cases 
showing  the  same  amount  of  hemoglobin.  [Yarrow,^  however,  found 
that  the  table  was  quite  accurate  when  used  wdth  reference  to  a  standard 
solution  of  homoglol)in  made  l)y  dissolving  13.77  gm.  in  normal  salt 
solution  to  make  100  gm. — Ed.] 

The  estimation  of  the  specific  gravity  is  therefore  frequently  suffi- 
cient to  indicate  the  relative  amount  of  hemoglobin.  In  nephritis  and 
circulatory  disturbances,  as  well  as  in  leukemia,  the  relation  between 
the  specific  gravity  and  the  amount  of  hemoglol)in  is  seriously  influ- 
enced by  other  factors. 

1  Univ.  Med.  Mag.,  1899. 
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The  physiologic  fluctuations  of  specific  gravity  in  the  same  indi- 
vidual under  the  influence  of  the  introduction  and  excretion  of  fluid 
do  not  exceed  0.003  (Schmaltz).  From  what  has  been  said,  these  cor- 
respond to  the  fluctuations  to  which  the  amount  of  hemoglobin  and  the 
number  of  corpuscles  are  subject,  and  come  into  existence  only  with 
them. 

Later  investigations,  especially  those  of  Hammerschlag,  v.  Jaksch, 
V.  Limbeck,  Biernacki,  Dunin,  E.  Grawitz,  and  A.  Lowy,  have  supplied 
an  omission  of  earlier  workers  in  that  besides  the  specific  gravity  of  the 
blood  as  a  whole,  they  have  studied  the  specific  gravity  of  at  least  one  of 
its  constituents,  namely,  the  corpuscles  of  the  serum.  All  are  unanimous 
in  the  view  that  the  red  blood-corpuscles  are  almost  exclusively  responsible 
for  the  fluctuations  in  specific  gravity  of  the  blood  as  a  whole,  partly  on 
account  of  their  fluctuations  in  number  or  changes  in  distribution,  partly 
on  account  of  their  chemic  instability,  namely,  loss  and  increase  of  water, 
and  fluctuations  in  the  amount  of  albumin.  The  fluid  of  the  blood,  on 
the  contrary — and  here  there  is  no  particular  difference  between  plasma 
and  serum  (Hammerschlag) — shows  a  much  greater  constancy.  Even 
in  severe  pathologic  conditions  in  which  the  blood  is  specifically  much 
lighter,  the  serum  preserves  its  physiologic  composition  or  undergoes 
only  comparatively  slight  fluctuations  in  concentration.  A  great  de- 
crease in  specific  gravity  of  the  serum  is  much  less  frequently  observed 
in  specific  blood  diseases  than  in  chronic  diseases  of  the  kidney  and  cir- 
culatory disturbances.  Still  more  recently  E.  Grawitz  has  shown  that  the 
specific  gravity  of  the  serum  suffers  marked  decrease  in  certain  anemias, 
especially  the  post-hemorrhagic  and  those  due  to  inanition.  Despite  a 
few  contradictions,  it  is  evident  from  these  observations  that  in  a  scien- 
tific investigation  the  specific  gravity  of  the  serum  and  the  corpuscles 
should  be  correlated  with  that  of  the  entire  blood. 

A  method  closely  related  to  the  estimation  of  the  specific  gravity, 
introduced  into  practice  by  Stintzing  and  Gumprecht,  is  sometimes 
emj)l(>yed,  especially  since  it  can  be  carried  out  with  small '  quantities 
of  blood  such  as  frequently  must  be  made  use  of  in  practice.  Tliis 
method  is  the  direct  estimation  of  the  dried  substance  of  the  blood, 
hygromometry.  Small  amounts  of  blood  are  received  in  small  weigh- 
ing-vessels, weighed,  dried  for  twenty-four  hours  at  65°-70°  C,  and 
weighed  again.  The  figures  so  obtained  possess  a  certain  independent 
significance,  since  they  do  not  correspond  exactly  with  the  specific 
gravity,  the  amount  of  liemoglobin,  or  the  number  of  corpuscles.  Nor- 
mally in  men  we  find  21.6  per  cent,  of  dry  residue;  in  women,  19.8 
per  cent. 
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Percentage  Volume  of  Red  Corpuscles. — A  further  indi- 
rect procedure  for  obtaining  the  amount  of  hemoglobin  is  the  determi- 
nation of  the  percentage  v'olume  of  the  red  corpuscles  in  comparison 
with  the  whole  blood.  For  this  a  method  is  necessary  which  separates 
the  corpuscles  from  the  blood  in  an  unchanged  condition.  The  older 
methods  failed  in  that  they  either  required  a  previous  defibrination  of 
the  blood  (which  is,  as  a  rule,  impossible  in  the  small  amounts  at  our 
disposal  in  pi-aetice),  or  the  addition  of  sodium  oxalate  or  other  sub- 
stances, to  prevent  clotting.  The  separation  of  the  two  constituents 
was  brought  about  by  simple  sedimentation  or  by  the  help  of  centri- 
fuges, especially  constructed  for  the  blood  by  Blik-Heiden  and  Gartner 
{hematocrit). 

The  many  diluting  fluids  like  physiologic  salt  solution,  2.5  per 
cent,  potassium  bichromate  solution,  and  others  are,  according  to 
H.  Koppe,  not  indifferent  toward  the  red  blood-corpuscles,  and  a  solu- 
tion incapable  of  altering  the  cells  must  be  especially  prepared  for  every 
blood.  Considerable  attention,  therefore,  was  devoted  to  the  procedure 
of  M.  Herz,  in  which  the  coagulation  of  the  blood  in  the  pipet  is  pre- 
vented by  making  its  walls  absolutely  smooth  by  means  of  codliver  oil. 
Tliis  ])rocedure  has  been  modified  somewhat  by  Koppe.  He  fills  his 
very  j)ractical  j)ipet,  after  careful  cleaning,  with  cedar  oil,  and  then 
draws  up  the  blood  issuing  from  the  finger  wound,  which,  forcing  the 
oil  before  it,  remains  fluid  on  account  of  coming  in  contact  with  per- 
fectly smooth  walls.  With  the  aid  of  his  modified  centrifuge  the  oil, 
as  a  lighter  substance,  is  completely  removed  from  the  blood  and  the 
})lasma  separated  from  the  corpuscles.  Three  sharply  limited  layers 
are  thus  produced,  namely,  a  layer  of  oil,  of  plasma,  and  of  red  blood- 
corpuscles.  Since  the  ajiparatus  is  graduated,  the  volume  of  plasma 
and  corpuscles  can  at  once  be  read  off'.  Microsco])ically  the  corpuscles 
are  found  unaltered. 

Though  this  procedure  appears  difficult,  it  is  the  only  one  from 
which  clinical  pathology  has  anything  to  expect.  Koppe's  results, 
though  rather  limited  in  number,  show  the  entire  volume  of  the  red 
blood-corpuscles  to  be  51.1  to  54.8  per  cent.,  or  on  an  average  52.6 
per  cent. 

M.  and  L.  Bleibtreu  endeavored  in  an  indirect  way  to  determine  the 
relation  of  the  volume  of  the  red  blood-corpuscles  to  that  of  the  plasma. 
They  made  different  mixtures  of  blood  witli  physiologic  salt  solution, 
determined  in  each  the  percentage  of  nitrogen  in  the  fluid  separated 
from  tiie  cor{)Uscles  by  sedimentation,  and  with  the  aid  of  these  com- 
parative quantities  estimated  the  volume  of  blood-serum   and  of  red 
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blood-corpuscles.  Omitting  the  fact  that  dilution  of  the  blood  with 
salt  solution  is  necessary,  this  method  is  too  complicated  and  requires 
too  large  amounts  of  blood  to  be  practicable  in  the  clinic.  Th.  Pfeiffer 
endeavored  to  employ  it  in  selected  cases  without  so  far  obtaining  very 
definite  results.  Moreover,  the  relation  between  the  percentage  volume 
of  red  blood-corpuscles  and  the  amount  of  hemoglobin  is  by  no  means 
constant,  as  is  proved,  for  instance,  by  the  circumstance  that  in  acute 
anemia  an  "  acute  swelling "  of  the  individual  red  blood-discs  (M. 
Hertz)  occurs  which  could  produce  an  increase  in  volume  without  a 
corresponding  increase  in  the  amount  of  hemoglobin.  This  is  also  seen 
from  the  recent  ol)servations  of  w  Limbeck,  who  found  a  considerable 
increase  in  the  volume  of  the  red  blood-corpuscles  in  catarrhal  jaundice, 
due  to  influence  of  the  salts  of  the  biliary  acids. 

As  the  writer  has  several  times  declared,  the  estimation  of  the  hemo- 
globin is  the  most  important  criterion  for  the  severity  of  an  anemic  con- 
dition. The  investigations  of  the  blood  which  indicate  neither  directly 
nor  indirectly  the  amount  of  hemoglobin,  are  of  interest  only  in  as  far 
as  the  pathogenesis  of  special  cases  is  concerned.  Among  these  we 
have  the  estimation  of  the  alkalinity  of  the  blood,  which,  in  spite 
of  extensive  observations,  is  so  far  of  no  significance  in  the  pathology 
of  blood  diseases. 

Coagulability  of  the  Blood.  —An  estimation  to  which  perhaps 
more  attention  will  be  devoted  than  has  yet  been  given  it  by  the  clini- 
cian, is  that  of  the  rapidity  of  coagulation.  Good  comparative  results  are 
obtained  by  the  aid  of  Wright's  convenient  "  coagulometer."  In  cer- 
tain conditions,  especially  in  the  acute  exanthemata,  and  different  forms 
of  the  hemorrhagic  diathesis,  the  time  of  coagulation  is  decidedly  length- 
ened, even  to  possible  failure  of  coagulation.  In  other  conditions  there 
may  be  an  evident  hastening  of  coagulation  in  comparison  with  the  nor- 
mal. Moreover,  Wright  determined,  in  his  excellently  carried  out 
investigations,  that  an  influence  may  be  exercised  by  medicaments :  for 
instance,  calcium  chlorid  and  carbonic  acid  increase,  citric  acid,  alco- 
hol, and  rapid  respiration  diminish  the  congulability. 

A  condition  recently  described  by  Hay  em  probably  stands  in  close 
relation  to  this  change  of  coagiihibility.  He  discovered  that  in  spite 
of  coagulation  a  separation  of  the  serum  from  the  clot  some- 
times fails  to  occur,  or  occurs  to  only  a  slight  degree.  He  found  this 
condition  in  purpura  htemorrhagica,  protopathic  pernicious  anemia, 
malarial  cachexia,  and  several  infectious  diseases.  For  these  investiga- 
tions large  amounts  of  blood  are  necessary,  which  are  not  at  our  dis- 
posal in  practical  work.  Certain  precautions,  learned  by  experience  in 
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obtaining  diphtheria  serum,  must  be  attended  to  in  order  that  the 
amount  of  serum  be  as  large  as  possible.  For  instance,  the  blood 
should  be  caught  in  high  vessels  that  have  been  carefully  cleaned  and 
freed  from  every  trace  of  fat.  If  the  clot  does  not  spontaneously 
retract  at  once,  it  must  be  loosened,  without  breaking  it,  with  a  flat, 
paper-knife-like  instrument,  from  the  side  of  the  glass.  If  no  separa- 
tion results  in  the  cold,  the  blood  may  be  put  into  an  incubator. 

In  spite  of  every  artificial  contrivance  and  care  it  now  and  then 
happens  under  pathologic  conditions  that  not  a  trace  of  serum  is  ob- 
tained from  a  large  amount  of  blood.  So,  for  instance,  Ehrlich  obtained 
scarcely  100  c.c.  of  serum  from  22  kg.  of  horse  blood  after  the  animal 
had  been  bled  on  account  of  tetanus,  though  the  animal  had  previously 
furnished  an  extraordinary  amount  of  diphtheria  serum. 

A  conspicuous  role  in  the  study  of  blood  diseases  will  possibly 
yet  be  attributed  to  these  phenomena.  Hayem  even  now  proposes 
defective  serum  formation  as  a  differential  point  between  protopathic 
pernicious  and  other  severe  anemias,  and  asserts  that  it  is  an  unfavor- 
able prognostic  sign  when  this  phenomenon  is  observed,  for  instance, 
in  cachectic  conditions. 

Mention  has  still  to  be  made  of  several  methods  which  show  the 
resistance  of  the  red  blood-corpuscles  to  external  injuries  of 
various  kinds. 

Landois,  Hamburger,  and  v.  Limbeck  determine,  for  example,  the 
concentration  of  the  salt  solution  required  to  preserve  the  red  blood- 
corpuscles  ("  isotonic  concentration,"  Hamburger),  and  that  which 
removes  the  hemoglobin  from  the  stroma.  The  erythrocytes  are  the 
more  resistant  the  less  the  concentration  required  to  preserve  them. 

Laker  determines  the  resisting  power  of  the  red  blood-corpuscles  to 
electric  discharges  from  a  Leyden  jar,  and  measures  it  according  to  the 
number  of  discharges  which  prove  innocuous. 

Clinical  medicine  has  so  far  obtained  but  little  from  these  methods. 
This  only  is  assured,  that  in  certain  diseases  like  anemia,  hemoglobin- 
uria, and  many  intoxications,  the  resistance  of  the  red  blood-corpuscles 
measured  by  these  means  is  decidedly  decreased. 
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A  GLANCE  into  the  history  of  the  microscopy  of  the  blood  shows  that 
it  is  divisible  into  two  periods.  In  the  first  period,  which  is  especially 
characterized  by  the  work  of  Virchow  and  Max.  Schultze,  a  number 
of  positive  facts  were  collected,  particularly  in  relation  to  the  different 
forms  of  leukemia,  but  an  interruption  soon  occurred  which  continued 
throughout  a  decennium  on  account  of  the  fact  that  the  investigations 
were  limited  to  the  examination  of  the  fresh  blood.  All  that  was  to 
be  learned  by  this  simple  method  was  completely  exhausted  in  a  short 
time  by  the  zeal  of  the  investigators.  That  this  method  was  inade- 
quate is  most  readily  seen  from  the  history  of  leukocytosis,  which  con- 
dition was  referred  by  Virchow  to  an  increased  production  of  leuko- 
cytes by  the  lymph-glands,  and  from  the  uncertain  differentiation  of 
leukocytosis  and  beginning  leukemia,  which  was  based  almost  exclusively 
on  the  estimation  of  the  number  of  white  corpuscles.  The  histology 
of  the  blood  entered  on  its  second  period  after  Ehrlich's  introduction 
of  the  new  methods  of  examination  of  stained  preparations.  To  these 
methods  we  owe  the  accurate  differentiation  of  the  different  kinds  of 
white  blood-corpuscles,  the  rational  differentiation  of  leukemia  and  of 
polynuclear  leukocytosis,  and  the  knowledge  of  the  signs  of  degenera- 
tion and  regeneration  in  the  red  blood-corpuscles.  In  the  study  of  the 
blood,  therefore,  the  same  advance  took  place  as  in  the  other  chapters 
of  normal  and  pathologic  histology,  namely,  a  marked  increase  in 
knowledge  with  improvements  in  technic.  It  is  consequently  difficult 
to  understand  how,  at  the  present  day,  a  writer  can  recommend  a  return 
to  the  old  methods,  declaring  that  the  diagnosis  of  any  case  is  possible 
from  the  examination  of  the  fresh  blood  alone.  This  is  undoubtedly 
no  great  feat  in  the  majority  of  cases,  since  the  most  important 
points  have  now  been  made  clear  by  the  new  methods.  Still,  for 
more  difficult  cases  (for  instance,  the  early  diagnosis  of  malignant 
lym])homa,  of  certain  rare  forms  of  anemia,  etc.)  the  stained  jjrepara- 
tion  is  indispensable.      Moreover,  it  may  be  added  that  the  purpose  of 
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a  blood  examination  is  not  tlie  making  of  a  rapid  diagnosis,  but  the 
exact  investigation  of  the  blood-picture  in  all  its  details,  and  this  can 
not  be  done  with  unstained  blood.  The  only  standpoint  possible  today 
is  that  everything  which  can  be  seen  in  the  fresh  preparation — except- 
ing the  clinically  unimportant  rouleaux  formation  and  ameboid  move- 
ment— can  be  studied  much  better  in  the  stained  preparation,  while 
in  additi(Mi  there  are  many  important  details  which  become  visible 
only  in  the  latter. 

As  far  as  the  mere  practical  technic  is  concerned,  the  examination 
of  stained  preparations  is  undoubtedly  much  less  troublesome.  It  leaves 
one  entirely  independent  as  to  place  and  time  of  examination.  The 
dried  blood  can,  with  slight  precautions,  be  preserved  for  months  before 
applying  further  niicroscupic  technic.  The  examination  may  extend 
over  any  length  of  time,  and  may  be  repeated  at  will.  The  study  of 
the  fresh  blood,  on  the  contrary,  must  be  made  at  the  bedside,  and  on 
account  of  the  alterations  in  the  blood,  clotting,  disturbances  of  the 
white  blood-corpuscles,  etc.,  it  must  be  examined  so  quickly  that  a  thor- 
ough investigation  is  impossible.  When  we  add  to  this,  that  the  method 
of  staining  the  dried  ])reparation  is  one  of  the  most  simple  in  clinical 
histology,  it  is  no  more  than  right,  in  the  interest  of  its  further  dissemi- 
nation, to  describe  it  thoroughly. 

We  must  likewise  not  forget  the  employment  of  the  dry  preparation 
in  the  determination  of  the  numerical  relation  of  the  red  to  the  white 
blood-corpuscles,  and  of  the  white  blood-corpuscles  to  one  another. 

For  these  determinations  faultlessly  made  and  regularly  spread  prep- 
arations are  an  absolute  essential.  INIoreover,  we  require  square  ocular 
blends  (Ehrlich-Zeiss)  which   present  a  section  the  sides  of  which  are 

1:2:3 :  10,  and  the  whole  section  1:4:9 : 

100 ;  or  the  more  satisfactory  "  ocular"  made  by  Leitz  from  Ehrlich's 
instructions,  in  which  a  central  square  field  of  known  proportions  is 
readily  obtained  by  a  handy  mechanism.  A  normal  preparation,  for 
instance,  is  studied  as  follows  :  The  white  blood-corpuscles  are  counted 
in  any  section  made  by  the  blend  number  10  (ocular  section  100),  and 
without  moving  the  field,  the  ocular  blend  number  1-2  comprehending, 
therefore,  only  the  one-hundredth  part  of  the  former,  is  set  in  place  and 
the  red  blood-corpuscles  counted.  The  preparation  is  then  moved  and 
the  red  blood-corpuscles  repeatedly  counted  in  a  section  one-one-hun- 
dredth or  one-twenty-fifth  that  of  the  whites.  About  one  liundred  such 
counts  are  made  in  one  preparation.  The  sum  of  the  reds  is  then  mul- 
tiplied by  100  and  the  jn-oportion  of  this  figure  to  the  sum  of  the  whites 
is  determined.      If  the  white  blood-corpuscles  are  very  numerous,  so 
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that  the  counting  of  every  one  in  a  large  field  is  too  troublesome,  one 
of  the  smaller  ocular  sections,  81,  64,  49,  etc.,  is  taken. 

The  determination  of  the  percentage  proportion  of  the  different 
leukocytes  is  made  by  counting  and  classifying  several  hundred  cells,  a 
matter  which  the  expert  can  complete  in  less  than  a  quarter  of  an  hour. 

PREPARATION  OF  A  DRIED  SPECIMEN. 

Primary  essentials  in  the  preparation  of  perfect  specimens  are  cover- 
glasses  of  a  special  quality.  These  must  not  be  thicker  than  0.08  to  0.10 
mm.,  must  not  be  rough  or  loamy,  and  must  beud  easily  without  breaking. 
The  slightest  inequality  renders  them  uusuitaliie.  They  must  be  carefully 
cleaned,  aud  especially  every  particle  of  fat  must  be  removed.  It  is  oriH- 
narily  sufficient  to  place  them  separately  in  ether  for  about  half  an  hour, 
and  to  wipe  them  dry,  while  still  moist  with  ether,  with  a  piece  of  soft  linen 
free  from  lint  or  with  Josefspaper.  Following  this  they  are  placed  for  sev- 
eral minutes  in  alcohol,  are  dried  as  before,  and  are  then  preserved  in  dust- 
proof  glass  vessels  till  wanted.  When  it  is  remembered  that  these  cover- 
glasses  are  cut  in  oil,  it  is  evident  that  only  when  so  prepared  will  a  capil- 
lary space  be  formed  between  them  in  which  the  blood  can  readily  spread, 
and  only  then  cau  they  be  readily  drawn  apart  from  one  another  without 
the  employment  of  an  injurious  force. 

In  order  to  prevent  soiling  the  cover-glasses  anew,  and  especially  to  pre- 
vent the  contact  of  the  blood  with  the  moisture  from  the  finger,  the  cover- 
glasses  are  held  in  forceps  while  taking  the  blood.  For  the  under  cover- 
glass  the  writer  recommends  a  sliding  forceps  with  smooth  broad  arras, 
the  ends  of  which  are  covered  for  about  3  cm.  with  leather  or  filter-paper ; 
for  the  other  a  very  light  pen-like  forceps,  with  smooth  arms  of  almost 
knife-like  sharpness  anteriorly,  by  means  of  which  a  cover-glass  may  be 
readily  picked  up  from  a  smooth  surface.  The  under  cover-glass  is  now 
seized  by  the  margin  in  the  sliding  forceps  and  held  ready  in  the  left  hand  ; 
the  right  hand  brings  the  cover-glass  in  forceps  in  contact  with  the  drop 
of  blood  without  allowing  it  to  touch  the  finger.  This  cover-glass  is  then 
quickly  but  lightly  placed  on  the  other,  when  the  drop  spreads  in  an  even 
capillary  layer.  The  margin  of  the  upper  cover-glass  is  now  seized  with  two 
fingers  of  the  right  hand  and  carefully  slid  off  the  under  one  without  pressure 
or  elevation.  Often  only  the  under  one  shows  a  completely  regular  distribu- 
tion, though  sometimes  both  are  serviceable.  While  drying  in  the  air, 
which  takes  from  ten  to  thirty  seconds,  the  preparations  must  naturally  be 
protected  from  moisture  (for  instance,  from  the  breath  of  patients  standing 
near). 

How  much  of  the  surface  is  covered  depends  on  the  size  of  the  drop :  the 
smaller  the  drop,  the  smaller  naturally  the  surface  of  distribution.  Too 
large  drops,  causing  one  cover-glass  to  swim  on,  rather  than  adliere  to,  the 
other,  are  useless. 

Though  the  written  description  of  these  manipulations  may  appear  some- 
what complicated,  but  little  practice  is  required  to  perform  them  with  dex- 
terity and  accuracy.  The  author  has  repeated  the  technic  so  exactly  because 
he  has  frequently  seen  preparations  technically  unsatisfactory  althouij^h  made 
by  investigators  who  were  specialists  in  hematology. 

After  the  preparations  are  entirely  dry  they  are  preserved  between  layers 
of  filter-paper  in   well-closed  vessels  till  waiUed.      In  important  cases,  when 
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it  is  desirable  to  preserve  the  preparations  for  a  long  time,  it  is  recom- 
mended to  protect  some  of  the  specimens  from  atmospheric  influences,  by 
covering  them  with  a  layer  of  paraffin.  In  this  case,  previous  to  further 
manipulation  the  paraffin  covering  must  be  dissolved  off  with  toluol.  The 
preparations  must  naturally  be  preserved  in  the  dark. 

FIXATION  OF  DRY  PREPARATIONS. 

All  the  methods  of  staining  require  a  previous  fixation  of  the 
albumin  of  the  blood.  A  general  method  of  fixation  can  not  be  given, 
since  its  intensity  must  be  made  dependent  on  the  staining  methods 
selected.  For  staining  by  simple  watery  solutions — e.  g.,  triacid  solu- 
tion— a  comparatively  slight  degree  of  fixation  is  sufficient,  and  this  may 
be  obtained  by  a  short  exposure  to  different  agents.  In  the  case  of 
other  methods  in  which  strong  acid  solutions  or  those  containing  a  free 
alkali  are  employed,  it  is  necessary  to  fix  the  structure  by  much  stronger 
agents,  though  even  here  a  warning  must  be  given  against  excess.  On 
account  of  the  small  number  of  staining  solutions  it  is  easy  to  determine 
the  optimum  for  each. 

The  following  are  the  common  methods  of  fixation  : 

Dry  Heat. — A  simple  copper  plate  on  a  tripod,  under  one  end  of 
which  a  Jiunsen  flame  burns,  is  employed.  After  heating  some  time 
a  certain  constancy  in  the  temperature  of  the  plate  is  obtained,  the 
portion  nearest  the  flame  being  naturally  the  hottest,  that  furthest  away 
least  warm.  By  dropping  on  water,  toluol,  xylol,  etc.,  it  is  easy  to  de- 
termine the  point  at  which  the  plate  shows  the  boiling  temperatures  of 
these  fluids. 

Victor'  Mayer^s  apparatus,  commonly  used  by  chemists,  is  much 
more  practical.  Suitably  modified  to  our  purpose,  this  consists  of  a 
small  copper  kettle,  the  lid  of  which  makes  a  copper  plate  which  is 
penetrated  only  by  an  opening  for  the  steam  pipe.  If  small  amounts 
of  oil  of  tohi  arc  allowed  to  boil  in  this  kettle  for  several  minutes,  the 
copper  plate  will  be  found  to  take  on  a  temperature  of  107°  to  1 10°  C. 

For  ordinary  staining  (by  watery  solutions)  it  is  sufficient  to  expose 
the  preparations  dried  in  the  air  to  a  temperature  of  about  110°  C.  for 
one-half  to  two  minutes.  For  other  staining  mixtures — e.  g.,  eosin- 
aurantia-nigrosin — a  fixation  of  one  to  two  hours  or  a  higher  tempera- 
ture is  required. 

Chemic  Agents. — {a)  According  to  Nikiforoff,  a  good  triacid 
stain  may  i)e  obtained  after  hardening  the  preparation  for  two  hours 
in  a  mixture  of  equal  parts  of  absolute  alcohol  and  ether.  Still,  such 
preparations  do  not  reach  the  perfection  of  those  fixed  by  heat. 

(6)  Absolute  alcohol  fixes  the  dried  preparation  within  five  minutes 
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sufficiently  to  staiu  with  Chenzinsky's  fluid,  or  hematoxylin-eosin  solu- 
tion. In  some  cases  where  it  is  necessary  to  make  the  examination 
rapidly,  it  is  of  advantage  to  boil  the  preparation  one  minute  in  absolute 
alcohol  in  a  watch-glass. 

(r)  Formol  in  a  1  per  cent,  alcoholic  solution  was  first  employed  by 
Beuario  for  the  fixation  of  blood  preparations.  Fixation  is  sufficiently 
complete  in  one  minute  to  show  the  granulations.  Benario  recommends 
this  method  especially  when  staining  with  hematoxylin-eosin. 

It  is  unnecessary  to  state  that  these  methods  are  described  as  the 
most  suitable  only  for  general  blood  examinations.  For  special  pur- 
poses, for  instance,  the  illustration  of  mitoses,  blood-platelets,  etc.,  other 
methods  of  fixation,  as  sublimate,  osmic  acid,  Flemming's  solution,  etc., 
are  more  serviceable. 

STAINING  OF  DRY  PREPARATIONS. 

The  different  stains  can  be  classified  according  to  the  purpose  for 
which  they  are  employed. 

We  turn  first  to  those  which  produce  rapid  pictures  suitable  for 
general  study  ;  in  other  words,  dyes  which  stain  simultaneously  the 
hemoglobin  and  the  nuclei  (hematoxylin-eosin,  hematoxylin-orange). 

Again,  a  stain  is  desirable  which  brings  out  a  particular  variety  of 
cell,  for  instance,  eosinophiles,  mast-cells,  bacteria.  This  is  called 
"  single  staining,"  and  is  produced  by  decolorization  (see  E.  Westphal). 

Finally,  we  have  the  panoptic  stain — that  is,  one  which  stains  a 
large  number  of  elements  in  different  tints.  This  method  is  of  particu- 
lar utility  for  a  complete  investigation.  When  in  addition  the  ])repara- 
tion  is  studied  by  the  strongest  jiowers,  we  are  able  to  analyze  it  with  a 
thoroughness  otherwise  impossible.  In  order  to  make  a  complete  differ- 
entiation we  should  not  be  content  with  double  stainin<j,  but  should 
employ  at  least  three  different  stains.  Formerly  this  was  accomplished 
almost  exclusively  by  successive  staining,  yet  any  one  who  has  tried 
this  method  appreciates  the  difficulties  in  obtaining  constant  results 
even  after  the  closest  observance  of  the  prescribed  details  in  regard  to 
the  duration  of  the  staining  and  the  concentration  of  the  solutions. 

In  contrast  to  the  above  the  method  of  simultaneous  combined 
staining"  is  technically  simple,  and  its  advantages  have  been  demon- 
strated. Since  there  is  considerable  obscurity  surrounding  its  ]irinciple, 
the  details  of  the  theory  of  differential  simultaneous  staining  will  be 
briefly  given. 

For  this  purpose  a  very  simple  example  will  be  discussed,  namely, 
the  employment  of  picrocarmin — that  is,  a  mixture  of  neutral  anmionio- 
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carniin  and  a  picric  acid  salt.  If  tissue  rich  in  protoplasm  is  stained 
with  this  carmiu  solution,  the  carmin  is  found  to  stain  pretty  diffusely, 
though  the  nuclei  stand  out  prominently.  Still,  if  an  equally  concen- 
trated solution  of  picric  acid  ammonia  is  added,  the  staining  becomes 
much  more  distinct  in  that  certain  parts  are  pure  yellow,  others  pure 
red.  The  best  example  is  the  staining  of  muscle  by  picrocarmin,  when 
the  muscle-substance  appears  yellow,  the  nuclei  red.  If,  however, 
instead  of  the  picric  acid  ammonia  another  nitro  stain  is  added  which 
contains  more  of  the  nitro  groups  than  the  picric  acid,  for  instance, 
the  ammouium  salt  of  hexanitrodiphenylamin,  the  carmin  fails  to  stain 
and  all  parts  take  au  orange  color,  entirely  independently  of  the  dura- 
tion of  the  stainino;.  The  explanation  of  this  is  not  difficult.  Myosin 
has  a  greater  affinity  for  picric  acid  ammonia  than  for  carmin  salts, 
and  from  a  mixture  of  both  components,  therefore,  takes  to  itself  the 
yellow  coloring-matter.  After  this  combination  it  is  impossible  for  the 
carmin  to  act.  The  nuclei,  on  the  contrary,  have  a  greater  affinity  for 
carmin,  and  stain,  therefore,  pure  red.  But  if  a  nitro  stain  is  added  to 
the  carmin  solution  which  has  a  greater  chemic  affinity  for  all  tissues, 
nuclei  included,  the  effectiveness  of  the  carmin  is  reduced ;  and  if  a 
very  strong  nitro  body,  a  hexanitro  combination,  is  added,  the  action 
of  the  carniin  completely  disappears.  Connective  tissue,  bone,  and 
similar  tissues  behave  very  differently  to  mixtures  of  ])icrocarmin,  in 
that  in  tliese  cases  the  diffuse  staining  is  entirely  dependent  on  the  con- 
centration (or  dilution)  of  the  carmin,  and  is  not  at  all  influenced  by  the 
chemic  contrast-stains.  This  method  of  staining,  therefore,  must  be 
regarded  not  as  a  chemic  combination,  but  as  a  mechanical  attraction  for 
the  stain  on  the  part  of  the  tissues.  Consequently  chemic  staining  may 
be  descril)ed  as  tliat  in  which  the  tissues  react  to  chemic  contrasts,  and 
mechanical  staining  in  which  they  react  to  physical  modifications.  This 
statement  naturally  ]iresupposes  that  we  are  dealing  with  pure  neutral 
stai us,  and  it  excludes  all  additions  like  alkalis  and  acids  which  change 
the  chemic  behavior  of  the  tissue,  as  well  as  such  as  increase  or  decrease 
the  affiuity  of  the  stain  for  the  tissue.  The  result  of  this  is  that  any 
successive  double  staining  can  be  replaced  by  a  combination  staining 
if  the  chemic  nature  of  the  process  is  determined,  in  contrast  to  the 
doul)le  staining  brought  al)out  l>y  mechanical  factors  which  can  be 
accom])lished  only  by  successive  staining. 

In  the  staining  of  dry  blood  preparations  pure  chemic  processes  are 
concerned,  and  it  is  consequently  possible  in  every  case  to  employ  the 
polychromatic  combination  stains. 

The  f  )lh»wing  combinations  may  be  employed  in  staining  the  blood  : 


METHODS   OF  EXAMINATION.  41 

1.  Covibination-stainiug  with  Acid  Stains. — The  best  known  example 
is  the  eosin-aurantia-nigrosin  mixture,  with  which  the  hemoglobin  is 
stained  orange,  the  nuclei  black,  and  the  acidophile  granulations  red. 

2.  Ilixtures  of  Basic  Stains. — It  is  a  simple  matter  to  compound  a 
stain  from  two  basic  stains.  As  especially  suitable  may  be  mentioned 
fuchsin,  methyl-green,  methyl-violet,  methylene-blue.  The  compound- 
ing, however,  of  a  mixture  from  three  basic  stains  is  somewhat  difficult, 
and  requires  careful  attention  to  quantitative  proportions.  For  such 
mixtures  fuchsin,  Bismarck-brown,  and  chrome-green  may  be  employed. 

3.  Neutral  Mixtures. — These  were  introduced  into  hematology  by 
Ehrlich,  have  recently  come  to  play  an  important  role  in  general  his- 
tology, and  deserve  therefore  more  detailed  consideration. 

Neutral  staining  depends  on  the  fact  that  almost  all  basic  stains 
{i.  e.,  salts  of  the  basic  stains,  for  instance,  acetic  acid  rosanilin)  combine 
with  acid  stains  {i.  e.,  salts  of  the  acid  stains,  for  instance,  picrate  of 
ammonium),  and  make  what  may  be  characterized  as  neutral  stains, 
like  picric  acid  rosanilin.  Their  employment  is  rendered  more  difficult 
on  account  of  the  fact  that  they  are  but  slightly  soluble  in  water.  They 
became  practical  only  after  Ehrlich  had  found  that  certain  series  of  the 
neutral  stains  were  readily  soluble  in  an  excess  of  the  acid  stain,  which 
made  it  possible  to  obtain  stable  solutions  of  any  concentration.  Among 
the  basic  stains  suitable  may  be  mentioned  especially  those  which  contain 
the  so-called  ammonium  group,  particularly  methyl-green,  methylene- 
blue,  amethyst-violet  (tetraethyl-safranin-chlorid),  and  to  a  certain  extent 
pyronin  and  rhodamin.  In  contrast  to  these,  with  the  exception  of 
methyl-green,  the  members  of  the  triphenylmethan  group,  for  instance, 
fuchsin,  methyl-violet,  Bismarck-brown,  phosphin,  indazin,  are  gener- 
ally less  suitable  for  this  purpose.  Among  the  acid  stains,  it  is  espe- 
cially the  readily  soluble  salts  of  the  polysulpho-acids  which  are  adapted 
for  the  compounding  of  soluble  neutral  stains,  while  the  salts  of  car- 
bonic acid  and  the  phenol  stains  are  only  to  a  slight  degree  suitable, 
and  least  suitable  of  all  are  the  nitro  stains.  From  the  series  of  acid 
stains  may  be  mentioned  especially  orange-G,  acid  fuchsin,  and  narcein 
(a  readily  soluble  yellow  stain,  the  sodium  salt  of  sulphanilic-acid- 
hydrozo-/9-naphtol-sulj)honic  acid). 

Triacid  Staining. — If  a  solution  of  an  acid  stain,  for  instance, 
orange-G,  is  poured  droj)  by  drop  into  a  solution  of  methyl-grccn,  a 
coarse  precipitate  first  occurs  which  dissolves  on  the  further  additi(»n 
of  the  orange  solution.  In  fact,  the  solution  should  be  prepared  so 
that  no  more  orange  is  added  than  is  necessary  to  complete  solution. 
This  is  a  type  of  a  simple  neutral  staining  solution.     To  explain  this 
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example  chemically,  we  must  believe  that  all  three  basic  groups  of  the 
raethyl-greeu  in  this  mixture  are  in  combination  with  the  acid  stain  ; 
in  other  words,  that  we  have  to  do  with  a  triacid  combination  of  the 
methyl-green. 

Simple  neutral  mixtures  having  one  common  constituent  readily 
enter  into  combination  with  one  another.  This  is  a  very  important  fact 
in  the  practical  and  valuable  triple  stain.  This  is  made  only  by  mixing 
two  simple  neutral  mixtures, — that  is,  two  mixtures  consisting  of  two 
components  with  one  another  ;  chemic  decomposition  need  not  be  feared. 
Thus  are  obtained  the  imjiortant  practical  solutions  which  contain  three 
or  more  stains.     Theoretically  there  are  two  possible  combinations  : 

1.  Mixtures  consistinsr  of  one  acid  and  two  basic  stains:  orange- 
amethyst-mcthyl-green  ;  narcein-pyronin-methyl-green  ;  narcein-pyro- 
nin-methylene-blue. 

2.  Mixtures  consisting  of  two  acids  and  one  base :  orange-G  acid 
fuchsin-methyl-green  ;  narcein-acid  fuchsin-methyl-green. 

o.  The  corresponding  combinations  of  methylene-blue  and  amethyst- 
violet.     The  first  of  these  will  be  described  more  in  detail  later. 

The  importance  of  these  neutral  stains  lies  in  the  fact  that  they  stain 
certain  definite  elements  which  are  not  stained  by  the  different  compo- 
nents, and  which  are  described  therefore  as  neutrophile. 

Elements  which  like  nuclear  matter  have  an  affinity  for  basic  stains 
are  stained  by  the  basic  stains  in  these  neutral  mixtures,  acidophile 
elements  by  one  of  the  two  acid  stains,  while  those  which  possess  a 
simultaneous  affinity  for  acids  and  basic  stains  take  up  the  neutral  stain 
as  such  and  stain  therefore  a  mixed  color. 

The  eoshi-metlu/Iene-bh/e  mixture  shows  a  certain  contrast  to  the 
common  staining  mixtures,  inasmuch  as  with  an  excess  of  the  basic 
methylene-blue  there  is  still  sufficient  eosin  solution  to  make  both  stains 
active.  An  objection  to  such  a  mixture  is  that  precipitates  readily  form 
in  it,  making  the  preparation  unserviceable.  This  is  most  likely  to  occur 
in  freshly  prepared  solutions,  to  which  the  components  have  just  been 
added,  and  least  likely  in  solutions  like  Chenzinsky's,  which  may  be  pre- 
served for  a  long  time.  Still,  fresh  solutions  stain  much  more  intensely 
and  diversely,  and  must  be  employed  in  special  cases  (see  pages  44,  45). 
When  the  stain  has  succeeded,  the  picture  is  extremely  instructive.  The 
nuclei  are  l)lue,  the  hemoglobin  red,  the  neutrophile  granulations  violet, 
the  acidophile  pure  red,  and  the  mast-cell  granulations  intensely  blue ; 
— one  of  the  prettiest  microscopic  pictures  that  it  is  possible  to  see. 

For  practical  use,  besides  the  iodin  and  iodin-eosin  solution  which 
will  be  described  later  (pages  45  and  4G),  there  are  the  following : 
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1.  Hematoxylin  solutions  with  eosin  or'  orange- G. 

Eo.sin  (cryst. )       ....  0.5. 

Hematoxylin       2.0. 

Absolute  alcohol, 
Aqua  dest., 

Glycerin aa  100.0. 

Acid.  acet.  glac 10.0. 

Alum  in  excess. 

Several  weeks  are  required  for  the  solution  to  ripen.  Preparations 
fixed  in  absolute  alcohol  or  by  heat  are  stained  in  one-half  to  two  hours  ; 
the  hemoglobin  and  the  acidophile  granulations  are  red,  the  nuclei  the 
color  of  the  hematoxylin.     The  stain  must  be  very  carefully  washed  off. 

2.  In  the  practical  employment  of  the  triacid  solution  it  is  important, 
as  was  first  demonstrated  by  M.  Heidenhain,  that  the  stains  be  chem- 
ically pure. 

The  advantage  of  the  solution  prepared  from  these  stains  is  evident 
from  the  fact  that  basophile  granulations  in  the  neighborhood  of  the 
nucleus  of  the  white  blood-corpuscles  are  not  now  frequently  found  ; 
these  were  once  regarded  by  even  experienced  investigators  (e.Cy'.jNeusser), 
not  as  artefacts,  but  as  preformed  perinuclear  formations,  though  their 
significance  could  not  be  explained. 

Saturated  watery  solutions  of  the  three  stains  are  prepared  and  cleared 
by  long  standing.     They  are  then  mixed  in  the  following  way  : 

Orange-G  solution 13-14  c.c. 

Acid  fuchsin  solution 6-  7   " 

Aqua  dest 15     " 

Alcohol       15     " 

Methyl-green 12.5" 

Alcohol       10     " 

Glycerin 10     " 

These  substances  are  measured  in  the  prescribed  order  by  the  aid  of  a 
graduated  glass,  and,  after  the  addition  of  the  methyl-green,  thoroughly 
shaken.  The  solution  is  at  once  ready  for  use,  and  can  be  preserved  a 
long  time.  Slight  fixation  only  is  necessary  (see  page  38).  Staining  is 
complete  in  at  most  five  minutes. 

The  nuclei  are  greenish,  the  red  blood-corpuscles  orange,  the  acido- 
phile granulations  copper  colored,  and  the  neutrophile  violet.  Tlie 
raast-cells  become  conspicuous  on  account  of  a  "  negative  staining  "  as 
peculiar  clear,  almost  white  cells,  with  pale-green  nuclei. 

The  technic  of  triacid  staining  is  therefore  extremely  simple.  Tlie 
stain  is  very  satisfactory  for  general  study,  and  is  indispensable  in  all 
cases  where  the  neutrophile  granulations  come  into  consideration, 

3.  Basic  Double  Staining. — Saturated  watery  methyl-green  solution 
is  mixed  with  a  dilute  alcoholic  fuchsin  solution. 
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The  staining,  which  also  requires  only  slight  fixation,  is  complete  in 
a  few  minutes ;  the  nuclei  are  green,  the  red  blood-corpuscles  red,  and 
the  protoplasm  of  the  lymphocytes  fuchsin  colored.  It  is  very  suitable 
therefore  for  demonstrating  specimens  of  lymphatic  leukemia. 

4.  Eosin-methylene-blue  mixtures — c.  c/.,  Chenzinski/' s  fluid : 

Concentrated  iUiueous  inetliylene-blue  solution 40  c.c. 

0.5  per  cent,  eosin  solution  in  70  per  cent,  alcohol 20   " 

A<iua  dest 40   " 

The  solution  is  quite  stable,  though  before  use  it  must  always  be 
filtered.  It  requires  only  fixation  of  the  preparation  in  alcohol  for 
five  minutes.  Six  to  twenty-four  hours  in  an  air-tight  vessel  in  an 
incubator  are  required  for  staining. 

The  nuclei  and  the  mast-cell  granulations  are  stained  intensely  blue, 
malarial  plasmodia  a  delicate  sky  blue,  the  red  blood-corpuscles  and  the 
eosinophile  granulations  a  beautiful  red. 

This  solution  is  therefore  recommended  for  the  study  of  the  structure 
of  the  nuclei,  of  the  basophile  and  eosinophile  granulations,  and  is  em- 
ployed with  advantage  in  anemia  as  well  as  lymphatic  leukemia. 

5.  10  c.c.  of  a  1  per  cent,  aqueous  solution  of  eosin  are  mixed  with 
8  c.c.  of  methyl-alcohol  and  10  c.c.  of  a  saturated  watery  solution  of  medic- 
inal methylene-hlue,  and  the  mixture  is  at  once  ready  for  use  (see  page  27). 
The  duration  of  staining  is  one,  at  most  two  minutes.  Staining  is  suc- 
cessful only  when  the  preparations  are  carefidly  fixed  by  heat.  The 
mast-cell  granulations  are  stained  pure  blue,  the  eosinophile  red,  the 
neutrophile  a  mixed  color. 

[Leishman's  Method. — Leishman^  has  described  a  modification  as 
follows  :  Two  solutions  are  first  prepared  and  then  mixed.  Solution  A 
is  a  1  per  cent,  solution  of  medicinal  methylene-blue  (Griibler)  in  distilled 
water.  It  is  rendered  alkaline  by  the  addition  of  0.5  per  cent,  of 
sodium  carbonate  and  is  then  heated  at  (i5°  C.  for  twelve  hours,  and 
finally  allowed  to  stand  at  room  temperature  for  ten  days  before  it  i& 
used.  The  second  solution  is  a  0.1  per  cent,  solution  of  eosin  (Extra 
B.  A.,  Griibler)  in  distilled  water.  Equal  volumes  of  these  solutions 
are  mixed  in  a  large  open  vessel  and  allowed  to  stand  for  from  six  to 
twelve  hours,  beinj>;  stirred  from  time  to  time  with  a  glass  rod.  The 
precipitate  is  collected  on  filter-paper  and  washed  with  distilled  water 
imtil  the  washings  are  nearly  colorless.  The  residue  is  collected  and  is 
dissolved  in  methyl  alcohol  in  a  proportion  of  0.15  per  cent. 

Method  of  Staining. — Cover-glass  preparations  without  fixation  are 
covered  witli  :j  or  4  drops  of  the  stain,  to  which  after  half  a  minute 
'  Brit.  Med.  Jour.,  Sept.  21,  1901. 
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twice  as  much  distilled  water  is  added.  The  diluted  stain  is  allowed 
to  act  for  five  or  ten  minutes,  then  washed  in  distilled  water,  and  a  few 
drops  of  the  water  are  allowed  to  rest  on  the  smear  for  one  minute 
longer. 

WrigMs  Method. — Recently  Wright  has  considerably  improved 
Leishman's  stain.  The  advantage  of  Wright's  method  consists  in  the 
rapidity  of  preparation  of  the  stain  and  the  accuracy  of  the  result.  For 
details  the  reader  must  be  referred  to  Mallory  and  Wright's  Pathologic 
Technic. 

Jenner-'s  method  has  become  a  favorite  one,  and  gives  very  satisfactory 
results.  A  1.2  to  1.25  per  cent,  watery  solution  of  Griibler's  yellow 
water-soluble  eosin  and  a  1  per  cent,  watery  solution  of  Griibler's  me- 
dicinal methylene-blue  are  mixed  in  a  basin,  stirred,  and  allowed  to  stand 
twenty-four  hours.  The  mixture  is  filtered  and  the  sediment  dried  at 
55°  C,  after  which  the  powdered  filtrate  is  washed  with  distilled  water, 
filtered,  and  again  dried.  A  0.5  per  cent,  solution  of  this  powder  in 
pure  methyl  alcohol  constitutes  the  staining  fluid.  Films  of  blood 
are  stained,  without  previous  fixation,  for  from  one  to  three  minutes  and 
washed  with  distilled  water  a  few  moments  until  of  a  pink  color. —  Ed.] 

Before  proceeding  to  the  study  of  the  histology  of  the  blood,  two 
important  methods  must  be  described  for  which  the  dry  preparation  can 
be  directly  employed  without  previous  fixation  :  1.  The  demonstration 
of  glycogen  in  the  blood  ;  2.  The  microscopic  demonstration  of  the  dis- 
tribution of  alkali  in  the  blood. 

Demonstration  of  Glycogen  in  the  Blood. — This  can  be 
done  in  two  ways.  The  original  procedure,  as  recommended  by 
Ehrlich,  was  to  treat  the  preparation,  while  under  the  microscope,  with 
a  drop  of  thick  clear  iodin-gum  solution  ;  but  the  following  method  is 
better :  The  preparation  is  placed  in  a  closed  vessel  containing  crystals 
of  iodin,  where  it  assumes  within  a  few  minutes  a  dark-brown  color ;  it 
is  then  imbedded  in  a  saturated  solution  of  levulose,  which,  as  is  well 
known,  possesses  a  high  index  of  refraction.  In  order  to  preserve  the 
preparation  it  is  necessary  to  surround  the  cover-glass  with  cement. 

By  both  methods  the  red-blood-corpuscles  are  rendered  conspicuous 
by  the  iodin  stain,  and  show  no  morphologic  change.  The  white  blood- 
corpuscles  are  but  feebly  stained  except  the  parts  containing  glyco- 
gen, and  no  matter  whether  the  glycogen  is  within  white  blood- 
corpuscles  or  extracellular  in  products  of  decomposition,  these  are  char- 
acterized by  a  beautifnl  mahogany-brown  color.  The  second  method  is 
especially  to  be  recommended  on  account  of  the  strong  clearing  action 
of  the  levulose  syrup,  because  with  the  employment  of  the  iodin-gum 
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solution  a  small  aniouut  of  glycogen  may  escape  observation  owing  to 
the  opaqueness  of  the  gum  or  its  own  peculiar  staining.  This  second 
method  of  examination  is  therefore  recommended  in  cases  of  diabetes 
and  (tthcr  diseases.' 

Microscopic  Demonstration  of  the  Distribution  of 
Alkali  in  the  Blood. — This  method  is  based  on  a  procedure 
elaborated  by  Mylius  for  the  demonstration  of  alkali  in  glass,  lodin- 
cosin  makes  a  combination  readily  soluble  in  water  with  a  red  color, 
but  insoluble  in  ether,  chloroform,  and  toluol.  In  contrast  to  this,  the 
free  acid  stain  as  it  is  made  from  the  salt  by  acidifying  the  solution  is 
very  insoluble  in  water,  but  readily  soluble  in  organic  solutions,  so  that 
on  shaking  it  dissolves  completely  in  the  ethereal  solution  with  the  pro- 
duction of  a  yellow  color.  If  this  is  allowed  to  fall  on  glass  on 
which  there  is  an  alkaline  preci})itate  from  decomposition  of  the  glass, 
this  precipitate  becomes  conspicuous  by  a  beautiful  red  color  on  account 
of  the  formation  of  an  intensely  colored  salt. 

In  employing  the  test  on  blood,  all  vessels  used  in  the  staining,  as 
well  as  the  cover-glasses,  must  naturally  be  cleansed  by  acids  of  possi- 
ble alkaline  precipitates.  Immediately  after  making  the  dry  preparation 
it  is  placed  in  a  glass  vessel  containing  chloroform  or  a  chloroform- 
toluol  solution  of  free  iodin-eosin.  In  a  short  time  it  becomes  a  dark 
red.  It  is  then  quickly  transferred  to  another  vessel  containing  pure 
chloroform,  which  is  changed  once,  and  the  preparation  is  then  mounted, 
moist  with  the  chloroform,  in  Canada  balsam.  The  morphologic  ele- 
ments retain  their  shape  unaltered.  The  plasma  becomes  an  evident 
red  and  the  red  blood-corpuscles  remain  unstained.  The  protoplasm 
of  the  white  blood-corpuscles  is  stained  red  ;  the  nuclei  are  unstained 
and  appear  as  vacuoles  (negative  staining).  The  fragmented  corpuscles 
are  intensely  red,  as  likewise  the  fibrin.  This  stain  is  extremely  in- 
structive and  shows  many  details  not  apparent  by  other  methods,  but 
of  interest  largely  on  account  of  the  beauty  of  the  pictures.  It  is  espe- 
cially valuable  since  it  brings  out  conspicuously  the  artefacts  of  the  dry 
preparation,  and  every  technical  error,  acting  as  it  were  as  a  sort  of 
control.  This  method  is  scientifically  important  in  that  it  demonstrates 
the  distribution  of  alkali  in  the  individual  elements  of  the  blood.  It 
appears  that  there  is  no  free  alkali  reacting  to  iodin-eosin  present  in  the 
nuclei.  These  theref<»re  react  as  neutral  or  acid.  The  protoplasm  of 
the  leukocytes,  on  the  contrary,  is  invariably  alkaline,  especially  that  of 

'  This  niethofl  is  likewise  strongly  recommended  ftn-  the  demonstration  of  glycogen 
in  secretions — e.  (j.,  gonorrheal  ])ns  invariably  shows  a  considerable  glycogen  reaction  of 
tlie  pus-cells.     It  is  also  found  in  cells  of  tumors  taken  from  the  exudate  or  by  scraping. 
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the  lymphocytes.      Especial  attention  may  also  be  called  to  the  marked 
alkalinity  of  the  blood-platelet. 

NORMAL  AND  PATHOLOGIC  HISTOLOGY  OF  THE 

BLOOD. 

THE  RED  BLOOD-CORPUSCLES. 

In  dry  preparations  properly  prepared  the  red  blood-corpuscles  pre- 
serve their  natural  size  and  form,  and  show  plainly  their  biconcavity. 
When  isolated,  they  appear  as  round,  homogeneous  bodies  about  7.5 
//  diameter.  They  are  stained  most  intensely  at  the  thick  peripheral 
part,  and  least  at  the  center  corresponding  to  the  depression.  The 
stains  which  have  been  described  do  not  tint  the  stroma,  but  only  the 
hemoglobin,  so  that  the  intensity  of  color  acts  as  a  criterion  for  the 
expert  in  estimating  the  amount  of  hemoglobin  in  the  individual  cells, 
and  is  a  much  more  satisfactory  criterion  than  the  natural  hemoglobin 
color  seen  in  fresh  preparations.  [Weideureich,^  in  an  article  on  the 
stru(!ture  and  form  of  the  red  corpuscles,  has  come  to  the  conclusion 
that  the  erythrocyte  is  not  a  biconcave  disc,  but  is  bell-shaped,  and 
may  swell  to  the  form  of  a  sphere  from  absorption  of  liquid  or  become 
converted  into  a  flat  disc  by  loss  of  water.  He  states  that  the  so-called 
"  shadow  corpuscles  "  are  simply  the  collapsed  membrane  of  the  cor- 
puscle. Treating  the  preparation  with  chromic  acid  makes  it  possible 
to  recognize  a  residuum  of  hemoglobin  in  the  interior  of  these  shadows. 
With  regard  to  the  intimate  structure  of  the  red  corpuscles,  Weidenreich 
concludes  that  there  is  no  stroma,  but  simply  a  membrane  containing  a 
structureless  liquid  and  yellow  colored  material.  F.  T.  Lewis  ^  has 
recently  confirmed  these  views  regarding  the  form  of  the  mammalian 
red  corpuscles. — Ed.]  Corpuscles  poor  in  hemoglobin  are  readily  recog- 
nized by  their  pale  staining,  and  especially  by  the  more  pronounced 
size  and  transparency  of  the  central  zone.  In  more  marked  cases  they 
may  be  characterized  by  the  staining  of  the  peripheral  zone  alone ; 
these  were  appropriately  designated  by  Litten  as  '' pessary  forms." 
The  faint  staining  in  these  cases  can  not  be  attributed,  as  E.  Grawitz 
assumes,  to  a  lessened  affinity  of  the  hemoglobin  for  the  dye.  Such  a 
qualitative  metamorphosis  in  the  hemoglobin,  wliich  causes  it  to  behave 
differently  to  stains,  is  unknown  even  in  anemic  blood.  When  the 
blood-discs  stain  less  evidently,  therefore,  this  is  attributable  only  to  a 
lessened  amount  of  hemoglobin. 

^  Arch.f.  mikroskop.  AnaL,  1902,  lxi.,3,  p.  459. 
*  Jour,  of  Med.  Research,  Jan.,  1904. 
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Such  a  diminutiou  iu  the  amount  of  hemoglobin  is  seen  in  all  anemic 
conditions  (especially  the  post-hemorrhagic,  secondary  and  chlorotic), 
except  pernicious  anemia,  in  which,  as  first  pointed  out  by  Laache,  the 
individual  discs  show  an  increased  amount  of  hemoglobin. 

In  order  properly  to  understaud  the  pathologic  conditions,  it  must 
be  remembered  that  the  individual  red  blood-corpuscles  are  not  exactly 
similar  in  normal  l)lood.  Even  physiologically,  cells  are  continually 
destroyed  (used  up)  and  replaced  by  new  ones.  Every  drop  of  blood 
contains  erythrocytes  of  very  different  ages.  It  is  easy  to  understand 
therefore  that  injurious  influences,  when  not  too  great,  may  affect  indi- 
vidual red  blood-corpuscles  differently.  Elements  possessing  the  least 
power  of  resistance — i.  e.,  the  oldest — succumb  to  the  injury,  while 
others  are  able  to  withstand  it. 

Among  these  moderately  severe  irritations  we  may  undoubtedly 
place  the  condition  of  the  blood  itself  in  anemia,  the  effect  of  which 
can  be  studied  in  cases  of  acute  post-hemorrhagic  anemia. 

In  all  anemic  conditions  characteristic  changes  are  observed  in  the 
blood-discs. 

Anemic  or  Polychromatophilic  Degeneration  of  the  Red 
Blood=corpuscles. — Tbi.-;  change,  first  described  by  Ehrlich,  later  by 
Gabritschewski,  who  bestowed  on  it  the  second  name,  is  seen  exclusively 
in  stained  preparations.  It  consists  in  the  red  blood-discs  taking  on  a 
mixed  instead  of  the  normal  hemoglobin  color.  In  preparations  of 
normal  l)lood  stained  with  hematoxylin-eosin,  for  instance,  the  red 
blood-corpuscles  are  jiure  red.  In  preparations  of  blood  from  chronic 
anemia,  iu  which  all  degrees  of  fragmentary  degeneration  occur,  they  may 
show  a  delicate  violet  or  blue-red,  or  even  an  intense  blue,  with  scarcely 
a  trace  of  red.  Such  corpuscles  are  easily  recognized  by  their  peculiar 
fragmented  margins  as  dying  elements. 

Ehi'lich  suo^o-ested  the  theorv  that  this  behavior  toward  stains  indi- 
cates  the  gradual  death  of  the  red  blood-corpuscles,  especially  of  the 
older  forms,  by  a  process  of  coagulation-necrosis  of  the  discoplasm. 
This  becomes  laden,  as  in  coagulation-necrosis  generally,  with  the  albu- 
min of  the  blood,  and  thereby  becomes  capable  of  taking  up  nuclear 
stains.  At  the  same  time  the  discoplasm  loses  its  power  of  holding  the 
hemoglobin,  and,  in  accordance  with  the  degree  of  the  alterations,  grad- 
ually yields  it  to  the  blood-plasma,  the  disc  in  the  meantime  losing  more 
and  more  the  specific  hemoglobin  stain. 

This  view  was  opposed  from  different  sides,  first  by  Gabritschewski, 
later  by  Askanazy,  Dunin,  and  others,  who  insisted  that  the  polychro- 
matophilic discs  were  not  dying  forms,  but,  on  the  contrary,  young 
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forms.  This  opinion  was  based  on  the  fact  that  in  certain  anemias  the 
primary  stages  of  the  nncleated  red  blood-corpuscles  are  often  poly- 
chromatic. 

On  account  of  its  theoretic  importance  the  evidence  which  upholds 
the  degenerative  character  of  these  forms  is  detailed  briefly  : 

1.  The  appearance  of  the  erythrocytes  which  show  the  highest 
grades  of  polychromatophilia.  By  the  breaking  up  of  their  margins 
they  appear  to  every  eye  practised  in  the  study  of  morphologic  condi- 
tions as  evident  degeneration-forms  in  the  act  of  solution. 

2.  The  fact  that  such  changes  can  be  produced  experimentally  in  con- 
siderable numbers  in  the  blood  of  animals,  for  instance,  by  inanition  ; 
in  other  words,  by  conditions  in  which  there  can  be  little  question  of  a 
new  formation  of  red  blood-corpuscles. 

3.  The  clinical  experience  that  after  acute  losses  of  blood  in  man  these 
anomalies  of  staining  are  observed  in  numerous  cells  within  the  first 
twenty-four  hours,  while  according  to  careful  examinations  of  several 
hundred  patients  no  nucleated  red  blood-corpuscles  are  to  be  found 
during  this  period.^ 

4.  Nucleated  red  blood-corpuscles,  especially  megaloblasts,  frequently 
show  polychroraatophilic  degeneration.  This  fact  is  so  evident  that  it 
can  scarcely  escape  the  observation  of  the  inexperienced.  Ehrlich  is 
well  known  to  have  been  the  first  to  call  attention  to  this  condition. 
Moreover,  it  was  the  types  of  normal  regeneration,  the  normoblasts, 
which  were  usually  free  from  polychromatophilic  degeneration  even  in 
animals  which  furnished  the  grounds  for  its  discovery.  Askanazy 
declares  that  he  found  polychromatophilia  in  all  the  nucleated  red  blood- 
corpuscles  of  the  bone-morrow  in  one  case  of  empyema  immediately 
after  resection  of  the  ribs,  but  this  is  probably  attributable  to  peculiari- 
ties of  this  case  or  to  the  uncertainty  of  the  staining  method  employed, 
namely,  eosin-methylene-blue,  which  must  be  considered  as  very  inap- 
propriate, inasmuch  as  overstaining  with  the  blue  readily  occurs.  (The 
authors  especially  advise  for  the  study  of  anemic  degeneration  the  triacid 
solution  or  the  hematoxylin-eosin  mixture.) 

From  what  has  been  said,  and  from  the  recent  work  of  Pappenheim 
and  Maragliano,  the  authors  hold  that  polychromatophilia  is  a  sign  of 
degeneration  in  the  affected  cells.  The  occurrence  of  such  altered 
erythroblasts  must,  therefore,  be  referred  to  severe  injuries  of  the  blood, 

^  Though  in  opposition,  Dunin  asserts  that  the  occurrence  of  nuck^ated  red  blood- 
corpuscles  within   the  first  twenty-four  houi-s  after  the   loss  of  blood,   is  tlie  rule,  the 
authors  still  insist  that  such  an    assertion  is  not  consonant  with  actual  facts ;  though 
they  will  admit  that  a  single  case  might  show  such  a  rarity. 
4 
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on  account  of  which  they  are  abnormal  when  produced.  A  sufficient 
number  of  analogies  for  this  can  be  found  in  general  pathology. 

[Tiirk '  expresses  it  as  his  view  of  polychromatophilia  that  the 
basophilia  is  connected  with  the  pov^erty  in  hemoglobin,  since  the  normal 
oxyphilia  of  the  hemoglobin  conceals  the  basophilia  of  the  stroma.  He 
does  not  believe  tliat  the  phenomenon  is  in  any  sense  degenerative,  but 
rather  one  connected  with  the  immature  condition  of  the  red  corpuscle. 
At  the  same  time  he  believes  there  is  an  abnormal  condition  of  these 
cells,  and  in  short  the  condition  is  one  of  anomaly  rather  than  of  degen- 
eration or  immaturity. 

In  this  same  connection  the  editor  wishes  to  refer  to  his  own  ex- 
perience in  the  matter,  and  to  quote  from  an  article  "  on  the  Pathology 
of  the  Erythrocyte."  ^ 

"  I  may  confirm  some  of  these  observations  from  my  own  experi- 
ence. I  have  found  that  the  corpuscles  poor  in  hemoglobin  are  more 
apt  to  present  irregularity  in  the  matter  of  receiving  color,  and  have 
frequently  found  that  this  was  most  marked  in  the  center  of  the  cor- 
puscle ;  moreover,  in  a  case  of  pernicious  anemia  in  which  the  bone- 
marrow  was  red,  I  found  an  enormous  prf)]x)rtion  of  polychromatophilic 
cells  in  the  bone-marrow.  This  affected  not  only  the  adult  cells,  but 
the  youngest  nucleated  forms  as  well.  .  .  .  Maragliano  and  Castellino, 
in  their  studies  of  necrobiosis,  found  that  the  endoglobular  areas  of 
decolorization  invariably  received  basic  stains ;  and  other  observers, 
like  Heinz  and  Browicz,  found  that  fragmented  corpuscles  behaved 
somewhat  similarly." — Ed.] 

A  second  alteration  found  in  the  red  blood-corpuscles  in  anemia,  is 
poikilocytosis.  This  consists  in  the  appearance  of  more  or  less 
numerous  larger,  smaller,  and  very  small  red  elements.  Laache  first 
drew  attention  to  cells  larger  than  normal  in  Biermer's  anemia,  and  his 
finding  has  since  then  been  confirmed  ;  yet  in  all  other  anemias  of  severe 
or  moderately  severe  character  the  red  blood-corpuscles  show  a  diminu- 
tion in  size  and  in  the  amount  of  hemoglobin.  This  contradiction,  which 
was  first  noted  by  Laache,  but  which  could  not  be  explained,  has  been 
satisfactorily  cleared  up  by  Ehrlich's  investigation  of  the  nucleated  pri- 
mary stages  of  the  megalocytes  and  the  normocytes  (see  below).  [Poikilo- 
cytes  were  first  described  by  Damon,  of  Boston,  in  a  paper  on  leukemia 
pnbHslicd  in  1864.— Ed.] 

The  b]ood-])icture  of  anemia  is  made  more  variegated  by  the  appear- 
ance of  smaller  cells  of  abnormal,  irregular  shape,  simulating  pears,  air 

'  Vorlexiinf/en  Ueher  klin.  HrmatoL,  1904. 

■^  Contributions  from  the  Willinm  Pepper  Laboratory  of  Clinical  Medicine,  1900. 
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balloons,  and  small  boats.  Still  in  well-prepared  dry  specimens  the 
central  biconcavity  is  usually  evident  in  the  smallest  forms,  with  the 
exception  of  the  so-called  "  microcytes."  These  are  small  spherical 
forms  to  which  in  the  first  period  of  microscopic  hematology  special  sig- 
nificance was  attributed  in  the  diagnosis  of  severe  anemias,  though  they 
are  nothing  more  than  contracted  forms  of  the  poikilocytes  ;  or,  in  other 
words,  show  the  same  relation  to  the  poikilocytes  as  the  thorn-apple 
forms  to  the  normal  red  blood-corpuscles.  We  find  microcytes,  there- 
fore, but  rarely  in  dry  preparations,  and  much  more  frequently  after 
long  observation  of  moist  ones. 

It  is  further  important  to  know  that  the  poikilocytes  may  show  a 
certain  amount  of  movement  in  fresh  blood,  which  has  given  rise  to  fre- 
quent error ;  for  instance,  at  the  beginning  of  the  microscopic  study  of 
the  blood  they  were  considered  to  be  the  excitants  of  malaria ;  and  some- 
what larger  forms  were  recently  pointed  out  by  Klebs  and  Perles  as 
amebse.  With  Hayem,  therefore,  who  described  these  forms  from  the 
first  as  pseudoparasites,  the  author  must  warn  against  attributing  to 
them  a  parasitic  character. 

The  origin  of  poikilocytosis,  previously  much  discussed,  is  now  com- 
monly explained  according  to  Ehrlich's  hypothesis.  On  account  of  the 
fact  that  it  is  possible  to  produce  poikilocytosis  experimentally  by  care- 
ful heating,  we  are  forced  to  the  conclusion  that  poikilocytes  are  products 
of  fragmentation  of  the  red  blood-corpuscles  ("  Schistocytes,"  Ehrlich). 
This  theory  accords  with  the  fact  that  even  the  smallest  fragments 
show  in  dry  preparations  the  biconcave  form.  For,  containing  as  they 
do  the  specific  protoplasm  of  the  blood-discs,  the  discoplasm,  "  the 
tendency  is  natural  to  assume  the  typical  biconcave  form  in  a  condi- 
tion of  rest." 

Other  qualitative  alterations  of  the  protoplasm  of  the  poikilocytes  are 
not  perceptible  on  staining.  Full  functionary  powers  can  therefore  be 
assumed  for  them.  Consequently  their  origin  may  be  considered  as  a 
compensatory  reaction  to  the  decrease  in  the  number  of  corpuscles,  since 
by  the  breaking  up  of  a  large  corpuscle  into  a  number  of  small  ones  the 
respiratory  surface  is  decidedly  increased. 

Nucleated  Red  Blood-corpuscles. — A  third  morphologic 
abnormality,  ordinarily  seen  in  severe  grades  of  anemia,  is  the  appear- 
ance of  nucleated  red  blood-corpuscles. 

Without  going  too  much  into  detail  in  regard  to  the  origin  of  the 
blood  elements,  the  present  teaching  in  relation  to  the  nucleated  red 
blood-corpuscles  must  be  mentioned. 

Since  the  fundamental  work  of  Neumann  and  Bizzozero,  nucleated 
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red  blood-corpuscles  have  beeo  generally  recognized  as  normal  young 
forms  ;  while  Hayem's  theory,  which  insists  on  the  origin  of  the  ery- 
throcytes from  the  blood-platelet,  has  been  allowed  to  fall  into  the  back- 
ground, except  by  the  author  himself  and  his  pupils. 

Ehrlich  drew  attention  to  the  clinical  significance  of  the  nucleated 
retl  blood-corpuscles  in  the  year  1880,  when  he  demonstrated  in  so-called 
secondary  anemias  and  in  leukemia  nucleated  erythrocytes  of  normal 
size — "  normoblasts  ";  and  in  Biermer's  anemia  over-sized  elements — 
"  megaloblasts  "  or  "  gigantoblasts."  He  showed  also  at  the  same  time 
that  the  megaloblasts  played  a  prominent  role  in  the  formation  of  blood 
in  the  embryo.  In  1883  Hayem  made  a  corresponding  division  of  the 
nucleated  red  blood-corpuscles,  namely  :  (1 )  "  globules  nuclees  geantes," 
which  he  found  exclusively  in  the  embryo ;  (2)  "  globules  nuclees  de 
taille  moyenne,"  which  were  invariably  present  in  the  later  stages  of 
embryonal  life  and  in  adults.  In  1890  W.  H.  Howell  likewise  found 
in  the  embryos  of  cats  two  varieties  :  (1)  very  large  erothrocytes  resem- 
bling the  blood-cells  of  reptiles  and  amphibia  ("  ancestor  corpuscles  ") ; 
and  (2)  others  resembling  those  ordinarily  found  in  mammalia.  Recent 
investigators,  as  H.  F.  Miiller,  C.  S.  Engel,  Pappenheim,  and  others, 
have  also  preserved  this  division  of  hematoblasts  into  normoblasts  and 
megaloblasts.  IMoreover,  it  has  been  generally  recognized  that  the  nor- 
moblasts occur  in  the  bone-marrow  of  adults  as  the  primary  stages  of 
the  non-nucleated  erythrocytes,  while  the  megaloblasts  are  never  found 
there  normally,  except  in  the  embryo  and  in  the  first  years  of  extra- 
uterine life. 

Still,  S.  Askanazy  has  expressed  the  view  that  normoblasts  may 
be  derived  from  megaloblasts,  and  he  consequently  denies  any  particular 
difference.  Schauman,  too,  considers  the  separation  into  two  varieties 
as  not  absolutely  certain,  because  it  is  sometimes  diflticult  to  say  whether 
certain  cells  belong  among  the  normoblasts  or  megaloblasts. 

The  authors  differentiate  three  varieties  of  nucleated  red  blood- 
corpuscles  on  the  ground  of  their  following  properties  : 

Normoblasts. — These  are  red  blood-corpuscles  of  normal  size,  char- 
acterized l)y  a  niicleus, — sometimes  even  two  to  four  nuclei, — and  a  pro- 
toplasm which  shows  as  a  rule  a  pure  hemoglobin  color.  Ordinarily  the 
sharply  circumscribed  nucleus  is  situated  concenrically,  takes  up  the 
greater  part  of  the  cell,  and  is  striking  on  account  of  its  intense  staining, 
which  far  surpasses  that  of  the  nuclei  of  the  leukocytes,  and,  as  a  matter 
of  fact,  of  all  known  nuclei.  This  peculiarity  is  so  characteristic  that 
free  nuclei,  such  as  are  sometimes  found  in  anemia  and  frequently  in 
leukemia,  are  readily  recognized  as  the  nuclei  of  normoblasts. 
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riegaloblasts. — These  are  two  to  four  times  larger  than  the  normal 
red  blood-corpuscles.  Their  hemoglobin,  which  constitutes  the  greater 
part  of  the  cell,  very  frequently  shows  more  or  less  anemic  degeneration. 
The  nucleus  is  larger  than  that  of  the  normoblasts,  but  takes  up  a  com- 
paratively smaller  part  of  the  cell.  It  is  irregular  in  shape  and  its 
margin  is  frequently  indefinite ;  but  it  is  especially  differentiated  from 
the  nucleus  of  the  normoblasts  by  a  much  less  marked  affinity  for  the 
nuclear  stains, — in  fact,  this  affinity  is  sometimes  so  slight  that  the 
inexpert  may  fail  to  notice  the  nucleus. 

We  sometimes  see  cells  belonging  to  this  category  of  such  immense 
size  as  to  deserve  the  name  gigantoblasts ;  still  these  are  in  no  other 
way  separable  from  the  ordinary  megaloblasts. 

It  can  not  be  denied  that  it  is  often  difficult  to  decide  whether  a 
definite  cell  should  be  considered  a  particularly  small  megaloblast  or  a 
large  normoblast.  In  such  cases  it  is  well  to  overhaul  the  specimen  for 
pronounced  hematoblast-forras,  free  nuclei,  or  megalocytes,  in  order  to 
obtain  indirectly  evidence  in  regard  to  the  doubtful  cells. 

nicroblasts. — These  are  seen  occasionally  in  traumatic  and  other 
anemias ;  yet  so  far  have  attracted  no  particular  attention  on  the  part 
of  investigators. 

The  question  of  the  significance  of  normoblasts  and  megaloblasts  has 
been  the  cause  of  lively  discussion,  which  brought  forth  good  reasons 
for  and  against  the  differentiation  of  these  two  cell-forms.  Looking 
over  the  material  at  hand,  one  is  forced  to  separate  megaloblasts  and 
normoblasts  on  account  of  the  further  fate  and  peculiarities  of  their 
nuclei  on  the  one  hand,  and  because  of  the  result  of  clinical  observation 
on  the  other. 

The  Fate  of  the  Nucleus. — As  to  the  mode  of  transformation  of 
nucleated  erythroblasts  to  non-nucleated  erythrocytes,  two  almost  dia- 
metrically opposite  views  have  been  in  vogue  for  some  time.  The 
chief  advocate  of  the  first,  Rindfleisch,  taught  that  the  erythroblast  was 
transferred  to  an  erythrocyte  by  the  outwandering  of  the  nucleus,  and 
that  this,  by  the  aid  of  the  small  amount  of  protoplasm  adhering  to  it, 
took  up  new  substance  from  the  surrounding  plasma,  imbibed  hemo- 
globin, and  became  again  a  new  erythroblast.  This  doctrine  stands  in 
direct  opposition  to  the  other,  according  to  which  the  erythroblasts  are 
transformed  to  non-nucleated  discs  by  the  destruction  and  solution  of 
the  nuclei  within  their  own  bodies  ("  karyorrhexis,  karyolysis  ").  The 
writers  who  advocated  this  view  in  numerous  publications  and  described 
it  as  the  exclusive  method  of  erythrocyte  formation,  are  Kolliker  and 
E.  Neumann. 
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Rindfleisch  based  his  theory  on  processes  which  he  observed  directly 
in  the  blood  of  guinea-pig  embryos  and  in  teased  preparations  of  bone- 
marrow  in  physiologic  salt  solution. 

E.  Neumann  considers  Rindfleisch's  position  as  untenable,  because 
his  observations  were  made  only  after  injury  of  the  blood  by  the  salt 
solution  and  by  the  teasing.  He  contends  that  if  the  preparation  is  so 
made  that  every  chemic  and  mechanical  injury  to  the  blood  is  avoided, 
the  emergence  of  the  nucleus  as  described  by  Rindfleisch  does  not  occur. 

The  Kolliker-Neumann  view,  that  the  nucleus  gradually  meets  its 
fate  within  the  cell  itself,  is  supported  not  by  observation  of  the  proc- 
ess, but  by  the  fact  that  in  suitable  selected  cases — e.  g.,  in  fetal  bone- 
marrow,  hepatic  blood,  and  in  leukemia — all  phases  of  nuclear  meta- 
morphosis in  the  transition  of  erythroblasts  to  erythrocytes  are  found. 
Moreover,  v.  Recklinghausen  claims  that  he  observed  this  solution  of 
the  nucleus  within  the  cell  in  rabbits'  blood  which  he  preserved  in  a  moist 
chamber.  Pappenheim's  suggestion,  however,  that  we  have  to  do  in 
these  cases  with  a  process  similar  to  that  described  by  Maragliano  and 
Castellino  as  artificial  necrobisosis,  appears  worthy  of  mention. 

As  is  the  case  with  the  views  in  regard  to  the  formation  of  erythro- 
cytes, there  is  a  wide  divergence  in  the  theories  adduced  to  explain  the 
significance  of  the  "  free  "  nuclei  observed  in  numerous  cases.  Kolliker 
taught  tliat  these  nuclei  are  never  free  from  protoplasm,  but  are  invari- 
ably surrounded  by  a  very  small  margin  ;  Rindfleisch  considers  that 
they  have  escaped  or  were  thrown  off  from  the  erythroblasts ;  and 
Neumann  believes  them  to  be  young  forms  of  erythroblasts. 

Ehrlich  was  the  first  to  endeavor  to  bring  these  opposite  views  of 
Rindfleisch's  and  Neumann's  into  agreement.  He  taught  that  both 
varieties  of  transformation  occurred.  In  blood  preparations  containing 
a  large  number  of  normoblasts — e.  g.,  in  "  blood  crises  "  (see  below), 
or  leukemia — an  uninterrupted  series  of  pictures  may  be  found  show- 
ing the  nuclei  of  the  erythroblasts  leaving  the  cells  in  order  to  become 
free.  Moreover,  these  forms  are  found  even  in  preparations  where 
every  pressure  on  the  specimen  has  been  avoided.  On  the  other  hand, 
no  matter  how  rich  the  blood  may  be  in  normoblasts,  Neumann's  meta- 
morphosis of  the  nucleus  is  practically  never  observed.  It  is  quite  dif- 
ferent in  the  case  of  megaloblasts.  Among  these  we  find  but  few 
examples  in  which  traces  of  destruction  or  solution  of  the  nucleus  is 
not  evident,  and  in  a  specimen  of  Biermer's  anemia  containing  a  reason- 
ably large  number  of  megaloblasts  it  is  possible  to  follow  Neumann's 
process  in  an  uninterrupted  series  from  megaloblasts  with  intact  nuclei 
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through  all  stages  of  karyorrhexis  and  karyolysis  to  the  megalocyte.^ 
[Some  recent  studies  of  the  basophilic  granules  of  nucleated  corpuscles 
(normoblasts  as  well  as  megaloblasts)  suggest  that  these  structures  may 
be  the  result  of  nuclear  degeneration. — P^d.] 

From  Ehrlich's  findings,  therefore,  it  appears  that  normoblasts  be- 
come normocytes  by  the  wandering  out  or  the  throwing  oif  the  nu- 
cleus ;  megaloblasts,  megalocytes  by  destruction  of  the  nucleus  within 
the  cell. 

Moreover,  M.  B.  Schmidt,  without  reference  to  Ehrlich's  observations, 
assumes  after  investigation  of  bone-marrow  sections  of  extra-uterine 
animals  that  erythrocytes  are  formed  in  both  ways. 

Recently  Pappenheim,  partly  in  cooperation  with  O.  Israel,  devoted 
special  attention  to  this  subject  in  a  series  of  investigations  on  the  em- 
bryonal blood  of  mice.  Like  Rindfleisch,  he  was  able  to  produce  the 
outwandering  of  the  nucleus  by  the  addition  of  physiologic  salt  solu- 
tion to  fresh  blood,  and  he  considers  that  at  least  in  the  embryonal 
blood  the  outwandering  of  the  nucleus  occurs  only  artificially.  The 
transformation  to  erythrocytes  in  embryonal  blood  takes  place  exclu- 
sively by  the  destruction  and  solution  of  the  nucleus  within  the  cell, 
and  it  is  indiiferent  whether  the  cells  be  megaloblast  or  gigantoblasts, 
or  cells  of  normal  size.  Contrary  to  Rindfleisch  and  Neumann,  he  re- 
gards the  free  nucleus,  not  as  a  beginning  stage  of  development,  but  as 
the  eventual  remnant  of  the  degenerated  dying  blood-cell  which  has  been 
brought  to  this  condition  by  a  solution  of  the  protoplasm  ("plasmoly- 
sis  ").  Clinical  observations  of  diseased  blood  fail  to  support  this  view, 
inasmuch  as  even  in  suitable  cases  with  numerous  free  nuclei  (leukemia, 
blood  crises)  no  transition-forms  are  found.  In  describing  such  a  case 
of  leukemia,  Pappenheim  himself  confesses  that  the  occurrence  of  free 
nuclei  could  be  explained  in  this  instance  by  their  outwandering. 

Although  Pappenheim  recognizes  no  difference  in  regard  to  the  fate 
of  the  nucleus  in  megaloblasts  and  normoblasts  in  embryonal  blood,  he 
considers  Ehrlich's  separation  of  the  erythroblasts  into  these  two  groups — 
that  is,  into  two  hematogenetically  different  species  of  colls — as  un- 
doubtedly correct.  He  refuses  only  to  see  differential  characteristics  in 
the  size  of  and  amount  of  hemoglobin  in  the  cells  ;  and  though  he  ac- 
knowledges that  these  differences  were  generally  evident  in  normo- 
blasts and  megaloblasts,  he  contends  they  were  subject  to  many  irregular- 
ities which  under  the  circumstances  made  the  classification  of  an  iudi- 

^  Tlie  punctate  and  f^ranular-like  deposits  stained  by  niethylone-blue,  and  found  by 
Askanazy  and  A.  Lazarus  in  the  red  blood-corpuscles  in  numerous  cases  of  pernicious 
anemia,  are  probably  products  of  such  a  nuclear  destruction. 
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vidual  cell  very  difficult.  The  principal  feature  in  the  differentiation 
is  furnished  by  the  character  of  the  nucleus  (a  fact  which  Ehrlich  has 
always  insisted  on).  The  nuclei  of  undoubted  normoblasts  are  char- 
acterized by  their  lack  of  structure,  their  sharp  limitation,  and  their 
intense  aftiuity  for  the  nuclear  stains,  properties  which  in  histology 
(Pfitzuer)  are  comprehended  by  the  name  pyknosis  and  are  considered  as 
signs  of  age.  The  nuclei  of  the  megaloblasts  are  irregular,  show  well- 
developed  structure,  and  stain  much  less  intensely. 

Clinical  Differences. — Normoblasts  are  found  almost  regularly  in 
all  severe  anemias  following  trauma,  inanition,  or  organic  disease.  They 
are  usually  scanty  in  number,  so  that  a  long  search  is  necessary  to  find 
them,  though  sometimes,  usually  in  acute,  but  also  in  chronic  anemias, 
even  in  cachectic  conditions,  one  or  more  normoblasts  may  be  found  in 
every  field. 

V.  Noorden  was  the  first  to  describe  a  case  in  which  normoblasts 
occurred  transiently  in  the  circulating  blood  in  such  immense  numbers 
during  the  course  of  hemorrhagic  anemia  that  the  microscopic  picture 
(a  marked  hyperleukocytosis  existing  at  the  same  time)  almost  resembled 
that  of  a  myelogenic  leukemia.  Since  in  this  case  there  was  almost  a 
doubling  of  the  red  blood-corpuscles,  v.  Noorden  designated  the  con- 
dition by  the  name  "  blood  crisis." 

For  an  accurate  deterniiuation  of  a  blood  crisis  the  following  procedure 
is  recommended  : 

1.  Estimation  of  the  absolute  number  of  red  blood-corpuscles. 

2.  Estimation  of  the  ratio  of  the  white  blood-corpuscles  to  the  red. 

3.  Estimation  of  the  ratio  of  the  nucleated  reds  to  the  whites  in  a  dry 
preparation,  liy  means  of  the  square  ocular  blend  (see  page  20). 

If  we  find,  for  instance,  in  a  case  of  anemia  3,500,000  red  blood-corpus- 
cles, the  relation  of  the  whites  to  the  re(]s=l  :  100,  and  that  of  the  nucleated 
reds  to  the  whites=l  :  10,  there  would  lie  in  a  cubic  millimeter  2500  nu- 
cleated reds  or  1000  erythrocytes  to  1  erythroblast. 

The  megaloblasts,  on  the  contrary,  are  never  found  in  traumatic 
anemia.  Moreover,  in  chronic  anemias  of  the  severest  grades,  as,  for 
instance,  from  a  long-continued  syphilis,  carcinoma  ventriculi,  etc.,  they 
are  usually  sought  in  vain,  while  they  are  occasionally  found  in  leu- 
kemia. Nevertheless,  much  milder  conditions  apparently,  in  which  the 
anamnesis,  etiology,  and  general  objective  symptomatology  jioint  to  an 
essential  progressive  anemia,  are  almost  without  exception  characterized 
by  their  occurrence  in  the  blood.  In  late  stages  of  the  disease,  how- 
ever, they  are  more  scanty,  and  it  often  requires  a  long  search  over  one 
or  several  preparations  to  find  them.  From  this  the  rule  is  evident 
that  the  examination  of  a  case  of   a  severe  anemia  should  never  be 
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considered  complete  until  at  least  three  or  four  preparations  have  been 
carefully  gone  over  with  the  aid  of  an  oil-immersion  lens. 

[A  number  of  authors  have  discussed  the  difficulty  of  differentiating 
normoblasts  and  megaloblasts  when  certain  apparently  intermediate 
types  are  present,  and  this  may  explain  the  difference  in  opinion  regard- 
ing the  occurrence  of  megaloblasts  in  secondary  anemias.  Undoubt- 
edly these  cells  occiu'  in  lead-poisoning  with  considerable  frequency, 
and  quite  often  in  cancerous  and  other  secondary  anemias.  It  may  be 
doubted,  therefore,  if  the  view  regarding  the  rarity  of  the  occurrence 
will  be  generally  accepted. — Ed.] 

This  clinical  differentiation  of  the  two  forms  of  hematoblasts  leaves 
only  one  question  untouched,  namely,  whether  megaloblasts  or  normo- 
blasts can  become  transformed  the  one  into  the  other.  We  find  normo- 
blasts in  all  cases  of  anemia  in  which  a  normal  type  of  regeneration  takes 
place  only  more  energetically  than  under  ordinary  circumstances.  Almost 
all  anemias  with  known  causes,  namely,  acute  hemorrhages,  chronic  hem- 
orrhages, impoverishment  of  blood  by  inanition,  cachexias,  blood  intoxi- 
cations, hemoglobinemia,  etc., — in  short,  all  conditions  which  are  ordi- 
narily included  under  the  names  secondary  or  symptomatic  anemia  may 
show  this  increase  of  normal  blood  formation.  In  the  condition  which 
Biermer,  on  the  basis  of  its  clinical  peculiarities,  designated  "  essential 
pernicious  anemia,"  we  find,  however,  megaloblasts  the  representatives 
of  an  embryonal  type  of  development.  How  much  they  participate 
in  the  formation  of  blood  in  pernicious  anemia  is  evident  from  the  fact 
that  in  all  cases  of  pernicious  anemia,  as  was  demonstrated  by  Laache, 
megalocytes  are  present,  and  in  some  cases  they  represent  the  predomi- 
nant erythrocyte.  While  in  simple  anemia,  therefore,  there  is  a  ten- 
dency for  the  red  blood-corpuscles  to  occur  in  small  forms,  in  pernicious 
anemia,  and  in  it  exclusiv^ely,  we  find  the  opposite  tendency.  This 
constant  difference  can  not  be  the  result  of  accident,  but  must  depend 
on  rule ;  in  other  words,  oversized  blood-corpuscles  must  be  produced 
by  pernicious  anemia.  This  was  logically  proved  by  Ehrlich's  demon- 
stration of  megaloblasts.  All  attempts  to  obliterate  the  difference,  or 
to  deny  that  any  exists  between  megaloblasts  and  normoblasts,  are  frus- 
trated by  the  undoubted  clinical  fact  that  the  blood  of  pernicious  anemia 
is  megalocytic. 

The  occurrence  of  megaloblasts  and  megalocytes  is  therefore  a  proof 
that  the  regeneration  of  tlie  blood  in  the  bone-marrow  is  not  taking 
place  normally,  but  in  a  way  aj)proaching  the  embryonal  type.  Extreme 
cases  like  that  of  Rindfleisch's,  in  which  the  entire  bone-marro\v  is 
filled  yvit^  megaloblasts,  are  naturally  rare.      It  is  sufficiently  diag- 
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nostic  of  the  pGrnicic)Us  character  "  when  not  the  entire  bone-marrow, 
but  only  a  considerable  part  is  in  the  process  of  megaloblastic  degener- 
ation." ^ 

Moreover,  we  are  in  a  position  to  state  that  the  megaloblastic  trans- 
formation represents  a  highly  uupi'ofitable  process,  and  for  the  following 
reasons :  1.  Because  the  new  formation  of  red  blood-corpuscles  of 
megaloblastic  type  is  a  much  slower  process.  This  is  proved  particularly 
by  the  fact  that  megaloblasts  always  occur  in  small  numbers,  while 
normoblasts,  as  previously  mentioned,  are  frequently  very  numerous. 
Accordingly  "  blood  crises  "  are  not  observed  in  megaloblastic  anemias. 
2.  Because  the  megalocytes  arising  from  the  megaloblasts  offer  a  rela- 
tively small  surface  for  respiration  in  comparison  to  their  volume,  and 
therefore  constitute  a  type  the  reverse  of  useful  for  anemic  conditions.. 
This  is  the  more  evident  when  it  is  recalled  that  the  formation  of  poiki- 
locytes  is  a  compensatory  process. 

The  megaloblastic  degeneration  of  the  bone-marrow  is  apparently  to 
be  referred  to  chemic  influences  which  have  the  power  thus  to  change 
the  regeneration  type.  In  the  majority  of  cases  the  excitant  is  not 
known,  and  the  process  is  therefore  fatal  because  the  means  of  terminating 
it  are  not  known.  This  is  not  contradicted  by  the  fact  that  bothriocephalus 
anemia,  as  is  well  known,  generally  offers  a  good  prognosis  because,, 
although  of  megaloblastic  type,  its  cause  is  known  and  can  be  removed. 
As  in  many  infectious  diseases,  different  individuals  react  to  the  bothrio- 
cephalus very  differently.  Some  show  no  symptoms ;  others,  the  symp- 
toms of  a  simple  anemia,  possibly  with  normoblasts  ;  while  a  third  group 
present  the  typical  picture  of  pernicious  anemia,  which  for  many  years,  as. 
long  as  its  etiology  remained  unknown,  could  not  be  differentiated  from 
Biermer's  disease.  It  can  not  be  wrong,  therefore,  to  designate  a  severe 
bothriocephalus  anemia  as  a  pernicious  anemia  with  a  known  removable 
cause.  This  position  is  very  convincingly  supported  by  a  case  of 
Askanazy's,  which  showed  a  severe  pernicious  anemia  with  typical 
megaloblasts,  and  in  which,  after  removal  of  the  bothriocephalus,  the 
megaloblastic  character  of  the  blood  quickly  disappeared  and  was 
replaced  by  a  normoblastic  condition  that  rapidly  eventuated  in  complete 
recovery.  This  observation  is  so  significant  that  it  is  surprising  how 
Askanazy  can  believe  that  a  transition  between  megaloblasts  and  normo- 
blasts takes  place,   when    this  case  clei^rly  and   evidently   shows  that 

^  Tt  appeal's  not  superfluous  to  add  that  wliat  has  been  said  in  regard  to  the  diagnostic 
significance  of  megaloblasts  refers  only  to  the  blood  of  adults.  The  appearances  of  chil- 
dren's blood,  which  fre<iuently  deviates  from  that  of  adults,  will  be  studied  in  the  special, 
part  (Anairaia  Pseudoleuka-nuica  Infantum). 
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megaloblasts  are  manufactured  only  under  the  influence  of  a  specific 
intoxication.  If  we  knew  the  toxic  agents  and  were  able  to  remove 
them,  it  is  a  priori  certain  that — in  not  too  advanced  stages  of  pernicious 
anemia — the  bone-marrow  would  again  take  on  its  normal  normoblastic 
type  of  regeneration.  In  more  than  one  case  clinical  observation  sup- 
ports this  view.  For  instance,  it  is  by  no  means  a  rarity  to  see 
an  apparent  recovery  from  a  megaloblastic  anemia,  which  recurs,  how- 
ever, after  a  longer  or  shorter  period,  to  lead  eventually  to  death. 
These  cases  absolutely  demonstrate  that  the  megaloblastic  degeneration 
can  retrogress,  and  that  in  individual  cases  this  result  may  be  brought 
about  by  arsenic  treatment.  Still,  a  definite  cure  is  not  obtained  under 
these  circumstances,  because  we  do  not  know  the  etiologic  agent,  and 
hence  have  no  methods  of  overcoming  it.  The  megaloblastic  anemias 
therefore,  apart  from  the  group  of  bothriocephalus  anemias,  offer  a  bad 
prognosis. 

Basophilic  Granulations  of  the  Erythrocyte. — This  con- 
dition may  be  properly  considered  in  this  place  on  account  of  its  possible 
relation  to  polychromatophilia,  and  of  its  bearing  on  the  fate  of  the 
nucleus  of  the  hematoblast.  Askanazy  (1893)  first  described  such 
granules  in  the  nucleated  red  corpuscles  of  pernicious  anemia.  Schau- 
mann  (1894)  found  similar  formations  in  bothriocephalus  anemia,  and 
Lazarus  (1896)  identified  them  in  a  series  of  cases  of  pernicious  anemia, 
but  failed  to  find  them  in  other  conditions.  A  large  number  of  investi- 
gators have  since  investigated  the  subject,  and  the  granules  have  been 
found  in  various  secondary  and  primary  anemias,  as  well  as  in  ap- 
parently normal  cases.  Stengel,  White,  and  Pepper  examined  the 
blood  of  105  medical  and  surgical  cases,  and  found  the  granules  in  34 
representing  a  wide  range  of  pathologic  conditions.  In  addition  they 
found  them  in  11  of  18  cases  of  chlorosis;  in  7  of  pernicious  anemia, 
in  10  of  leukemia,  and  in  a  considerable  number  of  cases  of  lead- 
poisoning.  Their  relation  to  the  last  condition  was  first  indicated  by 
Behrendt  and  Hamel,  and  has  been  confirmed  by  a  number  of  clinicians. 

Considerable  discussion  has  arisen  regarding  the  nature  of  these 
granules.  Askanazy  first  suggested  that  they  are  nuclear  products 
resulting  from  karyorrhexis,  a  view  which  has  been  adopted  by  a 
nnnilicr  of  investigators.  Grawitz,  however,  insists  that  they  are  de- 
rived from  a  degeneration  of  the  cytoplasm,  and  is  supported  in  this 
view  by  several  recent  authors.  It  must,  the  writers  confess,  be 
admitted  that  the  weight  of  evidence  is  rather  in  favor  of  the  nuclear 
origin,  though  his  own  studies  had  led  him  to  adopt  the  view  of 
Grawitz.     The  subject,  however,  is  still  unsettled.     Among  the  recent 
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contributions  an  important  one  is  that  of  Schmidt/  who  concludes  that 
the  granules  are  not  always  of  the  same  nature,  being  sometimes  regen- 
erative, and  in  other  cases  the  results  of  degeneration  of  the  nucleus. 
He  does  not  believe  there  is  any  evidence  in  favor  of  their  origin  from 
degenerations  of  the  protoplasm.  Some  have  referred  to  the  intact 
character  of  the  nuclear  outline  as  an  evidence  that  nuclear  degeneration 
has  played  no  part  in  the  formation  of  the  granulations,  but  Schmidt 
believes  this  view  incorrect,  as  the  separation  of  the  granules  may  form 
in  the  stage  of  development  of  the  nucleus  before  its  sharply  outlined 
form  has  been  assumed.  Schmidt  does  not  believe  that  there  is  any 
special  function  attaching  to  these  granular  bodies.  They  seem  to  him 
to  belong  in  general,  however,  in  the  same  class  with  polychromatophilic 
cells  and  nucleated  red  corpuscles. 

The  occurrence  of  granules  in  mitotic  nucleated  cells  (Bloch,  Lazarus, 
Stengel,  White,  and  Pepper)  must  be  regarded  as  evidence  of  some 
value  in  contravention  of  the  view  that  they  result  from  karyorrhexis. 
Maximow  suggests  that  the  red  corpuscle  contains  diffuse  nuclear 
material  from  M-liich  the  granules  may  arise  without  karyorrhexis. 
Ewiug  states  that  he  has  seen  many  transition-forms  between  frag- 
mentation of  the  nuclei  of  megaloblasts  and  fine  subdivision  of  these 
nuclei.  It  seems  probable,  as  Grawitz,  Schmidt,  and  some  others  have 
suggested,  that  there  may  be  different  forms  of  basic  granulation  of 
possibly  varying  origin. 

Jawein  ^  believes  that  the  basophile  granules  occur  only  in  young 
red  cells,  and  are  an  evidence  of  regeneration.  He  thinks  the  view  of 
Grawitz,  that  blood  poisons  can  cause  these  cells,  is  very  improbable. 
The  fact  that  tlie  granules  occur  with  intact  nuclei  does  not  disprove 
kars^olysis,  as  he  has  seen  a  red  cell  with  two  nuclei,  one  normal  and 
the  other  undergoing  solution. 

White  and  Pepper^  examined  the  blood  in  cases  of  chronic  lead- 
poisoning  as  well  as  in  workmen  in  lead-works,  presenting  no  subjective 
symptoms  ;  also  the  blood  of  persons  subjected  to  excessive  local  or 
general  applications  of  external  heat,  and  that  of  men  and  animals 
subjected  to  experimental  intoxication.  In  4  cases  of  lead-poisoning 
the  granules  were  invariably  present  and  usually  conspicuous.  Of  the 
lead-workers  without  subjective  symptoms,  there  were  21  cases,  in  all  of 
which  granules  were  found.     These  workmen  were  from  all  parts  of  the 

'  Ej-perimrnieUe  BdtrlUje  zur  Patholo(jie  des  Blutes.  Jena,  1902,  Gustav  Fischer,  pp. 
42,  4  lithogr.  illustrations. 

'^Berlin,  fclin.  Wochenschr.,  1901,  No.  35. 

^  A-mer.  Jour.  Med.  ScL,  and  Trans.  Assoc.  Amer.  Pliysiciarvt,  1901. 
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establishment,  some  being  exposed  to  dust,  others  not  so.  In  2  cases  the 
men  had  worked  only  four  days  in  the  works.  Associated  blood- 
changes  were  as  follows  :  12  showed  slight  poikilocytosis,  2  had  deficient 
hemoglobin,  3  slight  polychromatophilia,  5  showed  normoblasts.  In 
the  experimental  study  it  was  shown  that  the  granules  could  be  made 
to  appear  in  the  blood  twenty-four  hours  after  the  administration  of 
lead  acetate.  One  of  the  authors  (Pepper)  administered  1\  grains  of 
lead  acetate  to  himself,  and  found  the  granules  in  his  blood  within 
twenty-five  hours.  The  blood  from  the  portal  and  splenic  veins  in 
one  of  the  dogs  killed  for  the  purpose  showed  more  granules  than  the 
blood  from  the  heart  or  mesenteric  vessels,  or  that  taken  from  the  ear 
before  death.  In  5  later  cases  this  difference  of  distribution  could  not 
be  established.  The  granular  cells  could  not  be  found  in  special  abun- 
dance in  the  bone-marrow.  They  conclude  that  the  granules  represent 
a  degeneration  of  the  red  corpuscles,  and  have  no  relation  to  nuclear 
fragmentation  or  polychromatophilia. 

Reitter,^  in  studying  the  blood  of  20  cases  of  advanced  pulmonary 
tuberculosis,  was  able  to  demonstrate  granular  erythrocytes  in  every  case, 
and  indeed  in  every  preparation.  He  was  also  able  to  show  these 
bodies  in  the  blood  of  healthy  individuals,  and  concluded  that  the 
abundant  presence  of  such  formations  alone  constitutes  a  pathologic 
condition.  The  occurrence  in  normal  persons  has  also  been  observed 
by  others,  namely,  Askanazy,^  Schaumann,^  Lazarus,*  Stengel,  White 
and  Pepper,^  Grawitz,®  Black,^  Maximow,^  Ewing,^  Behrendt  and 
Hamel,^"  White  and  Pepper." 

[R.  C.  Cabot  ^^  has  described  as  "  ring  bodies  (nuclear  remnants  ?)  " 
certain  circular  or  figure-of-8  formations  in  the  red  corpuscles  in  cases 
of  lead-poisoning,  pernicious  anemia,  and  other  conditions  in  which 
nucleated  red  corpuscles  were  present.  The  ring-like  body  is  composed 
of  a  set  of  dots  or  granules  arranged  as  a  circle  or  figure-of-8,  staining 
red  with  Wright's  modification  of  Leishmann's  stain,  and  often  showing 
a  large  dot  at  one  point  of  the  ring.  He  believes  it  probable  that 
these  formations  represent  nuclear  remains. — Ed.] 

^  Wien.  klin.  Wochenschr.,  1902,  xv.,  47.  '^  Zeitschr.f.    klin.  Med.,  Bd.  xxiii. 

^  Bothriocephalus  Anemia,  Berlin,  1894.  *  Deutsch.  med.  Wochenschr.,  1896,  No.  23. 
5  Amer.  Jour.  Med.  Sci.,  May,  1902. 

^Deutsch.  med.  Wochenschr.,  Sept.  7,  1899;  Berlin.  Liin.  Wochenschr.,  1900,  p.  181^ 
Amer.  Jour.  Med.  Sci.,  Sept.,  1900. 

^  Deutsch.  med.  Wochenschr.,  1899.  «  Archiv.f.  Anat.,  1899. 

»  Clinical  Dathology  of  the  Blood,  1803.  '"  Deutsch.  med.  Wochenschr.,  1899,  No.  44. 

"  Amer.  Jour.  Med.  Sci,  1901.  ^'^  Jour.  Med.  Research,  Feb.,  1903. 
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THE  WHITE  BLOOD-CORPUSCLES. 

The  biologic  significance  of  the  white  blood-corpuscles  is  so  many 
sided  that  it  indubitably  represents  the  most  interesting  chapter  in 
hematology.  The  knowledge  that  the  white  blood-corpuscles  play  an 
important  role  in  the  physiology  and  pathology  of  the  human  organism 
developed  but  slowly,  for  the  reason  that  important  functions  were 
attributed  with  hesitancy  to  elements  occurring  in  such  relatively  small 
numbers.  A  place  in  pathology  was  first  assured  to  them  by  Virchow's 
discovery  of  leukemia.  After  Cohnheim's  discovery  that  inflammation 
and  suppuration  were  to  be  referred  to  the  outwandering  of  white 
blood-corpuscles,  the  question  of  the  function  of  the  leukocytes  became 
a  burning  one,  and  it  was  exactly  such  a  discovery  that  was  needed  to 
throw  lisfht  on  the  normal  conditions.  The  fact  that  in  diffuse  inflam- 
mations  large  amounts  of  pus  were  frequently  produced  in  a  short  time 
without  impoverishment  of  the  blood  in  leukocytes — in  fact,  even  the 
opposite — provoked  the  conjecture  that  the  source  of  the  leukocytes 
must  be  exceedingly  productive,  and  that  their  small  number  as  com- 
pared with  that  of  the  red  blood-corpuscles,  was  compensated  for  by  a 
pre-eminent  power  of  regeneration. 

Subsequent  to  this  a  long  time  passed  before  the  seed  planted  by 
Cohnlieim  bore  its  fruit  in  clinical  histology.  This  was  due  to  the  fact 
that  an  accurate  diflerentiation  of  the  various  leukocytes  was  extremely 
difficult  by  the  methods  of  blood  examination  then  in  use.  For  although 
skilful  investigators  like  Wharton  Jones  and  Max.  Schultze  were  able 
to  recognize  the  different  types  of  white  blood-corpuscles,  their  knowl- 
edge did  not  reach  the  practitioner  on  account  of  the  distinctions  being 
much  too  subtle.  Virchow  himself,  the  discoverer  of  leukocytosis, 
attributed  this  condition  to  an  increase  in  lymphocytes,  when  in  fact 
only  the  polynulccar  cells  are  usually  concerned.  Only  after  the  differ- 
entiation was  made  simple  by  the  aid  of  stained  preparations  did  interest 
in  the  white  blood-corpuscles  progressively  increase,  as  is  proved  by  the 
extremely  rich  hematologic  literature,  especially  on  the  subject  of  leuko- 
cytosis. 

In  spite  of  this  recent  advance  a  peculiar  retrograde  movement  in 
the  theory  of  leukocytes  has  been  put  on  foot.  Although  after  Virchow's 
description  of  the  lymphocytes  every  effort  was  made  to  separate  the 
different  varieties  of  white  blood-corpuscles  from  one  another,  and  refer 
them  when  possible  to  their  different  sources,  now  every  effort  is  directed 
toward  placing  all  the  leukocytes  under  one  roof  on  the  theory  that  the 
different  forms  are  only  different  stages  of  development  of  the  same  cell. 
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The  following  sections  will  endeavor  to  show  the  untenableness  of  this 
theory. 

NORMAL  AND   PATHOLOGIC   HISTOLOGY   OF   THE   WHITE   BLOOD= 

CORPUSCLES. 

Since  Ehrlich's  classification  of  the  white  corpuscles  of  normal  blood 
of  adult  human  beings  has  been  accepted  by  the  majority  of  writers,  it 
is  well  to  give  a  short  description  of  them  as  observed  in  the  dry, 
stained  preparation. 

1.  I/ymphocytes. — These  are  small  cells,  usually  about  the  size 
of  a  normal  red  blood-corpuscle,  with  a  large  round,  homogeneously 


Fig.  1.— Filamentous  appearance  of  the  protoplasm  at  the  margin  of  large  lymphocytes; 
fragmentert  free  plasma  elements  ("plasmolysis").  (After  the  photograph  of  a  preparation  of 
chronic  lymphatic  leukemia.) 

stained  nucleus  situated  concentrically  and  surrounded  by  a  small  margin 
of  protoplasm.  One  frequently  finds,  especially  in  large  forms,  a  small 
space  between   the  nucleus  and  the  protoplasm,  very  probably  due  to 
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artificial  retraction.  Nucleus  and  protoplasm  are  basophilic — in  fact, 
the  protoplasm  shows  a  much  greater  affinity  for  many  basic  stains  than 
the  nucleus,  so  that  on  staining  the  latter  appears  as  a  relatively  clear 
area  in  the  midst  of  the  intensely  stained  net-like  protoplasm.  Within 
the  nucleus  one  or  two  nucleoli  wath  a  relatively  thick  deeply  staining 
membrane  are  often  recognized  (Fig.  2).  The  protoplasm  stained  Mith 
methylene-blue  and  similar  stains  presents  an  irregular  character,  due, 
according  to  Ehrlich's  first  hypothesis,  to  a  net-like  structure  rather 
than  to  granulation.  The  exterior  contour  of  the  lymphocytes,  at  least 
in  the  larger  forms,  is  usually  not  quite  smooth,  but  somewhat  filamen- 
tous, dentate,  or  uneven  (Fig.  1).     Frequently,  especially  in  the  very 


Fig.  2.— Nucleoli  in  large  lymphocytes.    (After  the  photograph  of  a  preparation  of  chronic 

lymphatic  leukemia.) 

large  forms,  parts  of  the  peripheral  margin  are  broken  off  and  are  found 
free  in  the  plasma.  In  stained  preparations,  particularly  of  lymphatic 
leukemia,  these  are  readily  recognized  by  their  staining,  which  is  exactly 
that  of  the  protoplasm  of  the  lymphocytes. 

In  the  transformation  of  the  nucleus  a  sharp  indentation  may  occur 
even  though  rarely,  and  further  metamorphoses  as  represented  in  the 
plate  (Fig.  3,  after  Rieder),  very  different  from  those  characteristic  of 
the  polynuclear  cells. 

The  protoplasm  shows  no  particular  affinity  for  acid  and  neutral 
stains,  and  therefore,  with  triacid  and  hematoxylin  solutions  the  small 
lymphocytes  appear  as  feebly  stained  free  nuclei.  In  the  larger  cells 
the  protoplasm  is  likewise  feebly  stained  by  these  solutions.     The  reac- 
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tiou  of  the  protoplasm  as  demonstrated  by  the  iodin-eosin  method,  is 
markedly  alkaline.     It  contains  no  glycogen. 

All  these  properties  taken  together  constitute  a  characteristic  picture 
by  which  the  lymphocytes  can  be  recognized  and  differentiated  from 
other  cells  even  when  fluctuations  in  size  occur.  As  mentioned,  they 
are  ordinarily  characterized  by  their  smallness,  their  size  being  about 
that  of  the  red  blood-corpuscle.  Yet  in  the  blood  of  children  under 
absolutely  normal  conditions  larger  forms,  and  in  lymphatic  leukemia 
very  large  forms,  are  found  which  the  inexperienced  have  failed  to  rec- 
ognize.    For  instance,  Troje's  "  marrow  cells,"  which  even  play  a  role 


Fig.  3— Nuclear  transformation  of  lymphocytes.    (Combined  picture  from  a  preparation  of 
acute  leukemia.)    (From  Rieder's  Alias.) 

in  the  literature,  have  absolutely  nothing  to  do  with  the  bone-marrow, 
but  are  simply  large  lymphocytes,  as  has  been  proved  by  A.  Frankel. 

In  the  normal  blood  of  adults  the  number  of  lymphocytes  amounts 
to  about  22-25  per  cent,  of  the  colorless  corpuscles. 

An  increase  in  the  lymphocytes  alone  may  occur,  but  is  much  rarer 
than  an  increase  of  other  forms.  When  it  does  take  place,  it  is  desig- 
nated by  the  specific  name  "  lymphocytosis  "  or  "  lymphemia." 

2.  The  large  mononuclear  leukocytes  are  to  be  strictly  differ- 
entiated from  the  lymphocytes.  These  are  cells  two  or  three  times  the 
size  of  erythrocytes,  with  a  large,  oval,  usually  excentrically  situated  and 
feebly  staining  nucleus,  and  a  relatively  large  amount  of  protoplasm. 
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The  protoplasm  is  free  from  granulation,  and  is  slightly  basophilic,  but 
in  contrast  to  the  protoplasm  of  the  lymphocytes,  less  so  than  the 
nucleus.  They  are  present  in  normal  blood  in  small  numbers  (about 
1  per  cent.).  Their  whole  appearance  is  different  from  that  of  the 
lymphocytes,  and  transitions  between  the  two  are  not  observed.  In 
what  blood-making  organ  they  arise,  whether  spleen  or  bone-marrow, 
has  not  been  determined,  though  many  facts  point  to  the  latter  as  their 
place  of  origin. 

These  large  mononuclear  leukocytes  are  transformed  within  the 
blood  to  the  following  varieties  : 

3.  Transition-forms. — These  resemble  in  a  general  M^ay  the  pre- 
ceding, but  are  differentiated  from  them  by  a  large  indentation  of  the 
nucleus  which  frequently  gives  it  the  form  of  a  wallet,  by  a  somewhat 
greater  affinity  of  the  nucleus  to  nuclear  dyes,  and  by  the  presence  of  a 
small  number  of  neutrophile  granulations  in  the  protoplasm.  This 
group  and  the  last  together  constitute  about  2—4  per  cent,  of  all  the 
white  blood-corpuscles.' 

4.  The  (So-called)  Polynuclear  I^eukocytes. — Some  of  these 
arise,  as  will  be  discussed  more  thoroughly  later,  within  the  circulation 
from  the  transition-cells,  though  the  greater  part  of  them  come  into  the 
circulation  ready  formed  from  the  bone-marrow.  These  cells  are  some- 
what smaller  than  those  in  groups  2  and  3,  and  are  characterized  by  a  pecu- 
liar polymorplious  nucleus  which  shows  a  relatively  long  and  irregularly 
indentated  and  contracted  figure  in  the  form  of  an  S,  Y,  E,  or  Z.  This 
nucleus  may  break  up  normally,  even  during  life,  into  three  or  four 
small  round  individual  nuclei,  as  was  first  pointed  out  by  Ehrlich  in  a 
case  of  hemorrhagic  small-  pox,  and  is  frequently  seen  in  fresh  exudates. 
This  breaking  up  of  the  nucleus  into  several  parts  was  previously  noted 
as  occurring  under  the  action  of  several  reagents,  for  instance,  acetic 
acid  ;  and  on  this  account  Ehrlich  bestowed  on  the  cell  the  not  very 
appropriate  name  "  polynuclear."  Nevertheless,  since  this  name  has 
been  accepted  everywhere,  and  misunderstandings  are  not  to  be  antici- 
pated, it  is  better  to  preserve  it,  though  it  would  be  more  exact  to  call 
them  "  polymorphonuclear  cells." 

The  nucleus  is  deeply  stained  by  all  nuclear  dyes  ;  the  protoplasm 
shows  considerable  affinity  for  the  majority  of  acid  stains,  and  is  unmis- 
takably characterized  by  numerous  neutrophile  granulations.  The 
reaction  of  the  protoplasm  is  alkaline,  yet  to  a  less  degree  than  that 
of  tlie  lymphocytes.     In  the  ordinary  polynuclear  cells  no  free  glycogen 

'  In  counting  the  blood-corpuscles  groups  2  and  3  may  be  reckoned  separately  or 
together. 
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is  present,  yet  in  certain  diseases  cells  are  always  found  which  give  the 
iodin  reaction. 

Such  cells  containing  glycogen  were  first  demonstrated  in  diabetes 
(Ehrlich,  Gabritschewsky,  Livierato).  The  iodin  reaction  in  white 
blood-corpuscles  has  been  further  observed  in  severe  contusions  and 
fractures  two  to  three  days  after  the  trauma ;  in  pneumonia,  in  rapidly 
progressing  streptococcus  and  staphylococcus  phlegmons,  and  after  long- 
continued  narcosis  (Goldberger  and  Weiss).  According  to  Ehrlich's 
view,  the  glycogen  is  not  present  in  the  cells  as  such,  but  in  an  unstain- 
able  combination,  from  which  the  glycogen  is  readily  separated  before 
giving  the  iodin  reaction.^  [Dunham  ^  finds  iodophilia  in  connection 
with  suppuration  that  has  not  been  walled  oif  and  is  not  of  tuberculous 
character ;  also  in  pneumonia.  Further,  he  found  the  condition  also  in 
leukemia,  and  cites  the  fact  that  Hof  bauer  found  it  in  pernicious  anemia, 
leukemia,  and  certain  grave  secondary  anemias. 

Locke  and  Cabot  ^  recognize  two  types  of  iodophilia,  one  in  which 
round  or  oval  masses,  2n  to  8^  in  diameter,  are  seen  outside  of  the 
cells ;  and,  second,  an  intracellular  type,  the  granules  being  regular  in 
shape  and  size,  and  occurring  in  the  neutrophile  cells.  Occasionally, 
basophilic  cells  are  affected.  Their  study  of  432  cases  led  them  to  the 
conclusion  that  iodophilia  is  an  indication  of  a  general  toxemia,  such 
as  may  occur  in  a  great  variety  of  diseases,  while  most  frequently  coin- 
cident with  the  presence  of  pus.  The  test  is  by  no  means  pathogno- 
monic. They  regard  iodophilia  as  certainly  indicative  of  a  diseased 
condition,  and  amono-  the  disorders  with  which  it  is  most  reffularlv 
found  are  pyogenic  infections,  toxemia  of  bacterial  origin,  as  in  diph- 
theria, and  typhoid  fever,  non-bacterial  toxemia,  such  as  uremia,  disturb- 
ances of  respiration,  and  grave  anemias. — Ed.] 

\ye  can  not  consider  the  "  perinuclear  "  greenish  granulations  of  the 
polynuclear  cells  described  by  Neusser  as  preformed  elements  (see  p.  43). 

The  number  of  polynuclear  leukocytes  in  the  blood  of  a  healthy 
adult  amounts  to  about  70-72  per  cent,  of  all  the  white  blood-cor- 
puscles (Einhorn). 

5.  ^osinophile  Cells. — These  are  characterized  by  rough  gran- 
ulations which  stain  intensely  with  acid  dyes  ;  otherwise  they  resemble 
polynuclear  neutrophiles. 

When  carefully  stained,  it  is  occasionally  possible  to  see  that  the 

'  Czerny's  assumption,  that  the  cells  that  respond  to  the  iodin  reaction  wander  in  from 
suppurative  foci,  is  groundless  and  a  simple  examination  of  fresh  inflammatory  tissue  is 
sufficient  to  show  that  the  cells  wandering  out  of  the  circulation  already  contain  glycogen. 

^  BnMon  Med.  and  Surr/.  Jour.,  June  1,  1901, 

^  Jour,  of  Med.  RcHearch,  January,  1902. 
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periphery  of  the  eosinophile  granulations  is  more  deeply  stained  than 
the  interior.  The  nucleus  is  as  a  rule  not  so  intensely  stained  as  in  the 
polynuclear  neutrophiles,  though  its  configuration  is  exactly  similar. 
Both  forms  show  also  in  common  an  active  power  of  contractility  by 
which  they  are  able  to  emigrate  from  the  vessels  into  exudates  and  pus. 
The  size  of  the  eosinophiles  is  frequently  greater  than  that  of  the  neutro- 
philes.     Their  number  is  normally  about  2  to  4  per  cent,  of  the  whites. 

6.  Mast-cells. — Though  in  extremely  small  numbers,  these  are 
present  in  every  normal  blood ;  0.5  per  cent,  of  the  whites  may  be  con- 
sidered their  maximum.  They  are  characterized  by  intensely  basophilic 
granulations  of  very  irregular  size  and  unequal  distribution.  In  addi- 
tion the  granulations  show  the  peculiarity  of  not  staining  a  pure  color 
with  the  majority  of  basic  dyes,  but  metachromatically,  especially  with 
thionin.  This  deviation  from  the  color  is,  as  Morgenroth  discovered, 
even  more  marked  on  the  employment  of  kresyl-violet-R  (extra),  when 
the  granulations  stain  almost  pure  brown. 

The  staining  power  of  the  nucleus  is  very  slight,  and  it  is  therefore 
difficult,  without  special  staining  methods,  to  pass  judgment  on  its  form. 
With  the  triacid  mixture  the  granulations  are  unstained  and  the  cells 
appear  as  clear,  polynuclear  cells  free  from  granulations. 

[Taylor^  gives  the  following  figures  as  the  result  of  his  personal 
observations:  Total  number  of  leukocytes,  3000  to  10,000;  neutro- 
philic polymorphonuclear  leukocytes,  55  to  80  per  cent.  ;  acidophilic 
jDolymorphonuclear  leukocytes  (eosinophiles),  ^  to  8  per  cent.  ;  non- 
granular mononuclear  and  transitional  cells,  1  to  8  per  cent.  ;  acidophilic 
mononuclear  cells,  rarely  seen;  lymphocytes,  10  to  40  j)er  cent. ;  mast- 
cells,  very  rarely  seen. — Ed.] 

[The  classification  of  Kanthack  and  Hardy  is  frequently  adopted 
by  English  authors.  This  recognizes  five  types  of  cells  :  (1)  Lympho- 
cytes ;  (2)  hyaline  cells  (large  mononuclear  cells  of  Ehrlich) ;  (3)  finely 
granular  oxyphile  cells  (the  neutrophile  and  amphophile  cells) ;  (4) 
coarsely  granular  oxyphile  cells  (eosinophiles) ;  and  (5)  coarsely  and 
finely  granular  baso])hiles  (mast-cells). — Ed.] 

Pathologic  Forms. — Under  pathologic  conditions  are  found  not 
only  alterations  in  the  numbers  of  these  cells,  but  also  new  forms  not 
normally  seen.     To  these  belong  : 

1.  Mononuclear  cells  with  neutrophile  granulations  ("myelo- 
cytes," Ehrlich).  These  are  usually  very  large  with  a  relatively  large 
faintly  staining  nucleus,  which  is  frequently  almost  centrally  located  and 

'  "  StiKlies  in  Leukemia:"  Contributions^  from  the  William  Pepper  Laboratory  of  Clinical 
Medicine,  1900. 
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is  uniformly  surrounded  by  the  protoplasm.  The  characteristic  differ- 
ence between  them  and  the  large  mononuclear  leukocytes  of  normal 
blood  is  that  their  protoplasm  shows  more  or  less  numerous  neutrophile 
granulations.  Besides  the  large  forms  of  myelocytes,  there  are  others 
much  smaller,  almost  approaching  in  size  the  erythrocytes ;  all  grades 
of  transition  between  these  extremes  are  encountered. 

In  contrast  to  the  polynuclear  neutrophiles,  they  manifest  on  the 
warm  stage  no  ameboid  movement. 

They  constitute  a  regular  characteristic  of  myelogenic  leukemia,  in 
which  they  occur  in  great  numbers.  Reinbach  found  them  in  one  case 
of  lymphosarcoma  with  metastasis  to  the  marrow  of  the  bone ;  A.  Laz- 
arus transiently  in  moderate  numbers  in  one  case  of  severe  posthemor- 
rhagic anemia  ;  and  M.  Beck  in  one  case  of  severe  poisoning  by  mercury 
administered  therapeutically.  In  addition,  they  are  frequently  found  in 
diseases  of  children,  especially  anemia  pseudoleukemica  infantum  ;  aud 
K.  Elze  described  them  in  a  fifteen  months  old  boy  suffering  from  scrofula. 

The  occurrence  of  myelocytes  in  infectious  diseases  is  of  special 
interest.  After  Rieder  had  pointed  out  that  myelocytes  sometimes 
occur  in  acute  inflammatory  leukocytosis,  C.  S.  Engel  published  the 
interesting  observation  that  myelocytes  frequently  occur  during  diph- 
theria in  children,  stating  that  large  numbers  (3.6-14.4  per  cent,  of  the 
white  elements)  are  seen  only  in  severe  cases,  and  indicate  a  bad  prog- 
nosis. Tiirk  recently  undertook  a  careful  study  of  their  occurrence  in 
infectious  diseases,  and  made  accurate  daily  differential  counts  of  the 
white  blood-corpuscles  in  a  large  number  of  cases.  His  findings  in 
pneumonia  are  especially  characteristic,  namely,  a  very  scanty  number 
of  myelocytes  or  none  at  all  at  the  beginning  of  the  disease,  while  at 
the  time  of  the  crisis  and  immediately  after  it  there  are  large  numbers 
of  them.  In  isolated  cases  the  increase  at  this  time  was  very  great,  and 
once  they  amounted  to  almost  12  per  cent,  of  all  neutrophile  cells. 

2.  Mononuclear  eosinophile  cells  ("  eosinophile  myelocytes "),  to 
which  H.  F.  Miiller  first  called  attention.  These  constitute  the  eosino- 
phile analogues  of  the  preceding  group.  They  are  mucli  larger  than  the 
polynuclear  eosinophiles,  though  medium-sized,  and  small  examples  are 
frequently  found  in  leukemia.  They  occur  almost  regularly  in  myelo- 
genic leukemia  and  in  anaemia  pseudoleukjemica  infantum.  Apart  from 
these  two  diseases  they  are  but  rarely  seen.  Mendel  found  isolated 
examples,  for  instance,  in  a  case  of  myxedema ;  Tiirk,  in  several  cases 
of  infectious  diseases. 

?>.  Small  Neutrophile  Pseudolymphocytes. — These  are  about  i\\Q 
size  of  the  small   lymphocytes,  show  a  round  intensely  stained  nucleus, 
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and  a  small  amount  of  protoplasm  studded  with  neutrophile  granula- 
tions. The  deeper  staining  of  the  nucleus,  the  small  amount  of  proto- 
plasm, and  the  small  size  of  the  cell  itself,  prevent  confusion  with  small 
myelocytes.  These  cells,  first  described  Ijy  Ehrlich  in  a  case  of 
hemorrhagic  small-pox,  are  extremely  rare,  and  originate  by  breaking 
up  of  the  polynuclear  cells.  The  nucleus  first  divides  into  three  or 
four  parts,  and  then  the  whole  cell  into  the  same  number  of  frag- 
ments. Later,  the  nucleus  of  these  cells  becomes  free  and  the  shrunken 
masses  of  protoplasm  are  taken  up,  especially  by  the  spleen.  The  free 
nucleus  is  likewise  apparently  destroyed.  These  cells  have  also  been 
found  in  fresh  pleuritic  exudates,  though  so  far  they  have  been  described 
by  no  one  else,  and  deserve  greater  attention  since  they  may  be  of 
decided  importance  in  the  transitory  hyperleukocytoses  M'hich  have  been 
attributed  by  some  to  a  breaking  up  of  white  blood-corpuscles,  by  others 
to  a  change  in  their  localization. 

4.  Irritation  Forms  f"  Rcizungsformen  "). — These  were  first  de- 
scrilied  by  Tiirk,  and  are  mononuclear  non-granulated  cells.  They 
show  varying  amounts  of  protoplasm  which  invariably  stains  a  very 
intense  dark  brown  with  the  triacid  stain,  and  a  round,  simple,  frequently 
excentrically  situated  nucleus  which  stains  a  moderately  intense  bluish 
green,  and  possesses  no  evident  stroma  of  chromatin.  The  smallest 
forms  stand  between  the  lymphocytes  and  the  large  mononuclear  leuko- 
cytes, but  nearer  the  former,  both  in  size  and  general  appearance. 
According  to  Tiirk,  these  cells  are  frequently  found  under  the  same 
conditions  as,  and  in  association  with,  myelocytes.  Their  significance 
can  not  at  present  be  determined.  They  possibly  represent  an  early  stage 
of  development  of  the  nucleated  red  blood-corpuscles,  as  indicated  by 
the  intensely  stained  and  homogeneous  protoplasm. 

This  description  of  white  blood-corpuscles  by  no  means  exhausts 
all  the  forms  that  f)ecur.  It  omits  entirely  the  variations  in  size  espe- 
cially evident  among  the  polynuclear  and  eosinopiiile  cells  represented 
by  dwarf  and  giant  forms.  For  even  with  considerable  differences  in 
size  these  cells  are  always  sufficiently  characteristic  to  correspond  to  the 
definition  of  single  examples.  Moreover,  one  finds,  especially  in  leu- 
kemic blood,  isolated  cells  of  very  large  size  which  can  not  be  classified, 
and  the  significance  of  which  can  not  be  explained. 

ORIGIN  OF  THE  WHITE  BLOOD-CORPUSCLE. 

For  the  comprehension  of  the  histology  of  the  blood  it  is  of  great 
importance  to  determine  to  wliat  degree  the  three  organs,  lymph-glands, 
bone-marrow,  and  spleen  participate  in  its  formation. 


NORMAL  AND  PATHOLOGIC  HISTOLOGY  OF  THE  BLOOD.      71 

The  experimental  decision  of  the  question  by  removal  of  these 
organs  is  unfortunately  possible  only  in  the  case  of  the  spleen.  We 
can,  therefore,  study  the  significance  of  the  lymph-glands  and  the  bone- 
marrow,  the  removal  of  which  in  toto  is  impossible,  merely  through 
anatomic  and  clinical  investigations.  Moreover,  a  knowledge  of  this 
and  similarly  complicated  questions  can  only  be  obtained  by  a  careful 
combination  of  animal  experiments,  anatomic  investigations  and  clinical 
observations  based  on  considerable  material.  We  can  not  insist  too 
much  on  the  fact  that  everyone  occupying  himself  with  hematology 
must  first  collect  the  results  of  a  large  series  of  investigations ; 
otherwise  the  gate  of  error  will  surely  be  left  open.  The  attempt 
has  frequently  been  made  to  replace  the  lack  of  personal  experience 
by  careful  theoretic  study,  but,  especially  in  hematology,  this  is  a 
fruitless  method.  Characteristic  of  this  kind  of  work  is  the  drawintr 
of  the  widest  conclusions  from  the  investigation  of  a  single  case. 
(Example  :  Troje  failed  to  recognize  the  lymphocytic  character  of  a 
case  of  leukemia  which  he  investigated,  and  diagnosed  it  myelogenic 
leukemia,  with  the  consequence  that  he  denied  everything  so  far  deter- 
mined in  relation  to  this  disease,  and  affirmed  the  reverse.)  It  is  quite 
as  difficult,  as  UskoflF's  work  shows,  to  avoid  error  when  the  conclusions 
are  drawn  from  animal  experimentation  without  the  confirmation  of 
clinical  experience.  Neither  the  anatomist  nor  the  physiologist,  but 
the  clinician  alone  is  in  a  position  to  draw  conclusions  on  this 
question. 

At  the  introduction  to  this  chapter  it  was  pointed  out  that  a  retro- 
grade movement  in  hematology  is  in  progress  which  attempts  to  establish 
the  derivation  of  all  the  white  blood-cells  from  the  lymphocytes.  Omit- 
ting embryologic  investigations  (Saxer),  many  anatomists  as  well  as  physi- 
ologists and  clinicians  have  adopted  this  standpoint.  Among  the  ana- 
tomic investigations  may  be  mentioned  GuUand's,  according  to  wliich  all 
varieties  of  leukocytes  are  only  different  stages  of  development  of  one 
and  the  same  element.  He  differentiates  hyaline,  acidophile,  and  baso- 
phile  cells,  and  traces  all  back  to  the  lymphocytes.  Arnold  supports 
a  similar  view,  even  though  in  negative  form,  when  he  states  that  a 
differentiation  of  the  so-called  lymphocytes  and  the  polynuclear  leuko- 
cytes as  to  their  origin  on  the  basis  of  their  fi)rm  and  the  a])))earaiice 
of  their  nuclei  is  impossible.  Moreover,  he  contends  that  a  classifica- 
tion on  the  l)asis  of  the  granulations  is  not  permissible,  since  the  same 
granules  oc(!ur  in  different  cells  and  different  granules  in  the  same  cell. 
Gulland's  and  Arnold's  investigations  were  devoted  especially  to  the 
differential  staining  of  the  granules,  and  the  writer  intends  to  show  in 


72  MORPHOLOGY  OF  THE  BLOOD. 

the  special  discussion  of  granular  cells  and  the  granulations,  why  he 
does  not  refer  at  greater  length  to  their  conclusions. 

Experimental  researches  on  this  subject  have  been  recently  (since 
]889)  carried  out  by  Uskoif.  These  led  him  to  see  in  the  white  blood- 
corpuscles  different  stages  of  development  of  one  cell,  and  he  differ- 
entiated three  ages:  1.  "Young  cells,"  corresponding  to  our  lympho- 
cytes ;  2.  "  Mature  cells "  (globules  murs),  large  cells  with  large  and 
irregularly  shaped  nuclei,  which  correspond  to  our  large  mononuclear 
and  transitional  forms  ;  3,  "  Old  cells  "  (globules  vieux),  corresponding 
to  our  polynuclear  cells.  The  eosinophile  cells  are  outside  the  boundaries 
of  this  classification. 

Among  the  clinicians,  A.  Friinkel  took  up  the  same  trail,  and  con- 
cluded, with  Uskoff,  on  the  ground  of  studies  in  acute  leukemia,  which 
will  be  described  later,  that  the  lymphocytes  are  young  cells,  early 
stages  in  fact  of  the  other  leukocytes.  Only  a  few  authorities  (like  C. 
S.  Engel  and  Ribbert)  have  objected  to  this  union  of  all  the  forms,  and 
have  stood  by  Ehrlich's  old  classification.  Since,  however,  a  close  rela- 
tionship is  insisted  upon  in  numerous  works  on  medicine,  the  writer  will 
detail  in  brief  the  grounds  for  the  separation  of  the  lymphocytes  from 
the  bone-marrow  group  and  show  the  importance  of  this  apparently 
purely  theoretic  question  to  the  clinician.  The  conclusions  will  be  more 
intelligible  and  significant  if  first  the  part  played  by  the  different  organs 
of  the  hematopoietic  system  in  the  formation  of  the  blood,  especially 
of  the  colorless  corpuscles,  is  carefully  considered. 

The  Spleen. — The  question  whether  the  spleen  produces  white 
blood-corpuscles  has  been  actively  discussed  since  the  first  days  of 
hematology. 

The  endeavor  to  determine  the  participation  of  the  spleen  in  the 
formation  of  wliite  blood-corpuscles  was  first  made  by  counting  them 
in  the  afferent  and  efferent  vessels,  and  it  was  claimed  that  an  increase 
found  in  the  veins  in  comparison  with  the  arteries  would  show  the 
blood-forming  power  of  this  organ.  Still  the  residts  of  these  counts 
are  very  different.  The  investigators  who  found  an  increase  in  the 
veins  are  op])osed  by  others  who  are  equally  competent,  and  to-day  no 
value  is  attributed  to  this  rough  method  of  investigation. 

From  Jater  investigations  it  was  demonstrated  as  a  positive  fact  that 
after  extirpation  of  the  spleen  an  enlargement  of  different  lymph-glands 
took  place,  though  the  changes  in  the  thyroid  gland  observed  by  many 
cannot  be  described  as  constant. 

We  must  mention  also  blood  examinations  in  animals  and  man  by 
Hosier,  Robin,  A^^inogradow,  Zesas,  and  others  after  extirpation  of  the 
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spleen,  which  showed  that  after  some  time  a  leukocytosis  took  place. 
Investigations  were  undertaken  in  the  year  1888  by  Prof.  Kurloff  in 
Ehrlich's  Laboratory,  in  which  tlie  behavior  of  the  blood  after  extirpa- 
tion of  the  spleen,  was  carefully  studied.  Since  this  work  of  Prof. 
Kurloff  has  so  far  appeared  only  in  Russian,  its  more  important  results 
will  be  detailed.  In  these  investigations  Kurloff  employed  guinea-pigs 
because  they  are  especially  suitable  on  accoimt  of  the  constant  compo- 
sition of  their  blood. 

In  order  to  understand  the  investigations  and  their  results,  it  is  neces- 
sary first  to  sketch  the  normal  histology  of  the  blood  of  the  guinea-pig 
as  given  by  Kurlott'. 

In  the  blood  of  the  healthy  guinea-pig  the  following  elements  are  found  : 

Granular  Cells. — Polynuclear  Cells  with  Pseudo-eosinophile  Granula- 
tions.— These  granulations,  previously  found  by  Ehrlich  in  rabbits,  are 
readily  differentiated  from  the  true  eosinophiles  by  their  finer  appearance 
and  their  diflTerent  staining  with  eosiu-aurantia-nigrosin.  A  more  important 
difference,  according  to  Kurloff,  consists  in  the  ready  solubility  of  the  gran- 
ules in  acid  solutions,  while  they  remain  unaffected  by  alkalies.  This  would 
indicate  that  the  granulations  consist  of  a  basic  substance  capable  of  form- 
ing soluble  salts  with  acids,  The  true  eosiuophile  granulations  remain 
unchanged  under  these  tests. 

These  pseudo-eosinophile  polynuclear  cells  correspond  in  their  function  to 
the  polynuclear  neutrophiles  of  man.  Their  number  amounts  to  40  to  50 
per  cent,  of  all  white  cells.  The  place  of  origin  of  these  cells  is  apparently 
the  red  bone-marrow,  since  they  are  found  there  in  large  numbers  and  in 
all  stages  of  transition  from  mononuclear  granular  cells  to  well-developed 
polynuclear. 

2.  Typical  eosinophile  leukocrjtes  corresponding  to  those  of  man  and 
amounting  to  about  1  per  cent,  of  the  whites. 

3.  Cells  described  by  Kurloff  as  nigrosinophile  cells.  These  correspond 
in  their  general  appearance — that  is,  the  size  of  the  cell  and  of  the  granu- 
lations— to  the  eosinophile  cells,  but  are  differentiated  by  a  chemic  difference, 
in  that  the  granules  take  the  nigrosin  dye  when  stained  by  eosin-aurantia- 
nigrosin,  while  the  eosinophile  granules  take  the  red  stain.  In  preparations 
stained  by  the  triacid  mixture  the  two  granulations  are  also  different,  in  that 
the  nigrosinophiles  are  stained  more  blackish. 

Nongranular  Cells. —  Cells  nnth  Vacuoles. — These  cells  are  especially 
characteristic  of  guinea-pig's  blood,  and  show  a  transformation  from  large 
mononuclear  to  transitional  and  polynuclear  forms  while  remaining  charac- 
terized by  the  lack  of  granulation.  Instead  of  granules,  one  finds  in  the 
protoplasm  of  these  cells  a  more  or  less  round  nuclear-like  figure  which  takes 
the  nuclear  stain,  and  is  possibly  an  accessory  nucleus,  though  the  writer's 
impression  is  that  it  is  a  vacuole  filled  with  secretory  matter  of  the  cell. 
The  development  and  fate  of  this  speck  may  be  followed  throuph  a  series  of 
preparations.  It  ajipears  first  as  an  isolated  punctate  erranuk^  without  con- 
nection with  the  nucleus.  It  graihially  enlarges,  and  when  about  the  size 
of  the  nucleus  of  the  cell  it  (or  at  least  its  contents)  appears  to  break 
through  the  protojjlasm  and  is  discharged  from  the  cell. 

The  number  of  these  vacuolated  cells  is  15  to  20  per  cent,  of  tiie  color- 
less corpuscles. 
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Typical  Lymphocytes. — 
These  correspoDtl  exactly  to 
the  lymphocytes  described 
iu  mau,  and  amount  to  30 
->     j6       to  35  per  cent,  of  all  the 
S      g       leukocytes. 
■^      S  Kurloff,  in  an  extremely 

.t  "3  careful  and  painstaking  in- 
2  .  |:S  vestigation,  determined  the 
g  I  i  j^  absolute  number  of  leuko- 
S  o^S  cytes  as  well  as  of  the 
J  f-lf  pseudo-eosinophiles,  neutro- 
•S  i'^  i  philes,  eosinophiles,  vacuo- 
g  ^^.^  lated  cells,  and  lynipho- 
a  o"=^,  cytes,  and  showed  that  in 
a  :§iJ.5  uncomplicated  eases  of  ex- 
tirpation of  the  spleen  in 
which  all  inflammatory 
processes  which  might  in- 
crease the  polynuclear  neu- 
trophile  corpuscles  were 
avoided,  a  gradually  pro- 
gressive increase  of  the 
lymphocytes  to  double  and 
triple  their  number  took 
place  in  the  course  of  time, 
while  the  number  of  all 
the  other  elements  remained 
unchanged. 
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Kurloff  began  his  in- 
vestigation by  determin- 
ing first  in  a  large  num- 
ber of  cells  (SOOtolOOO) 
the  relation  of  the  differ- 
ent white  blood-corpuscles 
to  one  another.  But  he 
found  it  impossible  to 
conclude  from  one  such 
estimation  whether  one  or 
another  cell-form  was  in- 
creased or  diminished.  A 
diminution  in  the  percent- 
age of  the  lymph-cells,  for 
instance,  may  be  brought 
about  by  two  factors  :  1. 
By  a  diminished  production  of  lymphocytes.  2.  By  an  increase  in  the 
number   of    polynuclear   cells  which    naturally  diminishes  the  relative 
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number  of  the  lymphocytes.  It  became  necessary,  therefore,  to  seek  a 
method  which  would  show  the  changes  in  the  absolute  number  of  the 
different  forms  of  leukocytes.  Kurloff  employed  for  this  purpose  a 
"  comparative  field  "  (Vergleichsfeld) — i.  c,  with  the  aid  of  a  movable 
stage  he  counted  the  individual  forms  occurring  in  a  definite  area  of  the 
preparation  (0.22  mm.).  This  metiiod  gives  very  accurate  results 
provided  perfect  specimens  uniformly  spread  are  employed.  The 
following  figures  (from  Experiment  II.)  will  show  the  method  and  its 
results  : 

April  12th,  counted  52  per  cent,  of  pseudo-eosinophiles  ;  10  per  cent, 
of  lymphocytes. 

September  2d  (one  month  after  the  operation),  22  per  cent,  of 
pseudo-eosinophiles.  ;  58  per  cent,  of  lymphocytes. 

By  the  aid  of  the  comparative  field  these  figures  were  completed  by 
finding  the  following  averages  : 

April  12th,  38  white  blood-corpuscles — among  them,  19.8  were 
pseudo-eosinophiles,  10.6  were  lymphocytes. 

September  2d,  81  white  blood-corpuscles — among  them,  18  were 
pseudo-eosinophiles,  46.9  were  lymphocytes. 

From  this  example  it  is  evident  that  the  total  number  of  white 
blood-corpuscles  was  almost  double,  and  that  this  increase  was  due 
entirely  to  the  lymphocytes,  while  the  pseudo-eosinophile  cells  partici- 
pated not  in  the  slightest. 

The  results  obtained  by  Kurloff  in  this  way  after  extirpation  of  the 
spleen  may  be  learned  from  the  report  of  one  of  his  original  experi- 
ments, with  the  curve  and  the  table  accompanying  it. 

Experiment  I. — Young  female  animal,  weight  234  grams.  Number  of 
red  blood-corpuscles  in  a  c.mm.  of  blood  before  the  operation,  5,780,000  ;  num- 
ber of  white  corpuscles,  10,700.  On  April  19,  188<S,  the  spleen  was  extir- 
pated, the  wound  healing  by  primary  intention.  The  results  of  the  further 
examinations  of  the  blood  are  found  in  the  accompanying  table  : 

From  the  table  and  curve  it  appears  that  the  number  of  white  blood-cor- 
puscles more  than  doubles  in  the  first  seven  months,  owing  entirclv  to  an 
excess  of  lymphocytes,  while  the  granular  or  bone-marrow  elements  and  the 
large  mononuclear  cells  remain  constant.  The  percentage  j^roportions  behave 
somewhat  difi'erently.  These  show  an  increase  in  the  lymphocytes  only  from 
35  to  66  per  cent.,  while  in  the  case  of  the  other  varieties  there  is  an  evident 
fall,  for  the  granular  from  44  to  22  per  cent.,  and  for  the  large  mononuclear 
from  18  to  9  per  cent.  In  the  course  of  the  second  year,  for  the  first  time, 
a  considerable  relative  and  absolute  increase  of  the  eosinophile  cells  occurred, 
the  number  gradually  rising  from  about  1  per  cent,  to  2H.9  ]ier  cent.,  or  in 
the  comparative  field  from  0.5  to  13.9  per  cent.  The  last  blood  examination 
was  made  on  this  animal  on  April  30,  1890 — i.  e.,  two  years  after  the  re- 
moval of  the  spleen.     The  animal  was  entirely  healthy,  and  had  delivered 


76 


3IonPH0L0GY  OF  THE  BLOOD. 


four  young  ones  the  product  of  a  splenectoniized  father.     The  young  showed 
completely  normal  spleens  and  no  abnormalities  of  the  blood. 
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eosinophile 

cells. 

Lympho- 
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1888 

April  19 

500 

44.7 

35.4 

18.4 

1.1 

0.5 

"      23 

990 

24 

40.4 

9.7 

35.6 

8.5 

21.6 

5  2 

1.9 

0.4 

0.4 

0.09 

Mayl   . 

858 

28 

47.0 

13.6 

32.6 

9.1 

18.0 

5.0 

0.9 

0.2 

0.3 

0.08 

"     8  . 

934 

28 

45.2 

12.6 

40.3 

11.3 

14.3 

4.0 

0.6 

0.2 

0.4 

0.1 

"  16  . 

1122 

30 

38.4 

11.5 

47.7 

14.3 

10.3 

3.1 

3.3 

0.9 

0.2 

0.06 

"  24  . 

1722 

35 

40.1 

14.0 

35.0 

12.2 

23.6 

8.3 

1.0 

0.3 

0.1 

0.03 

"  30  . 

900 

■30 

36.6 

10.9 

44.4 

13.3 

18.4 

5.5 

0.1 

0.03 

0.3 

0.09 

June  5  . 

825 

33 

28.4 

9.4 

49.3 

16.2 

20.0 

6.0 

1.7 

0.6 

0.4 

0.1 

"    12. 

1314 

33 

28.0 

9.3 

49.0 

16.2 

20.0 

6.6 

2.2 

0.7 

0.8 

0.3 

"    19. 

917 

37 

32.4 

11.9 

52.3 

19.3 

14.5 

5.4 

0.6 

0.3 

0.2 

0.07 

"    28. 

802 

42 

30.5 

12.8 

56.4 

23.7 

11.7 

4.9 

0.7 

0.3 

0.4 

0.2 

July  2. 

1062 

56 

16.5 

9.2 

57.1 

31.9 

25.6 

10.3 

1.2 

0.7 

1.2 

0.7 

"      9. 

1245 

51 

17.6 

8.9 

59.1 

30.1 

21.8 

11.1 

0.8 

0.4 

0.8 

0.4 

"    16. 

974 

69 

17.5 

12.0 

66.4 

45.8 

15.7 

10.8 

0.2 

0.1 

0.2 

0.1 

"    23. 

1156 

58 

21.7 

12.2 

67.2 

38.9 

9.5 

5.5 

1.5 

0.9 

0.2 

0.1 

"    30. 

802 

54 

20.2 

10.7 

65.4 

34.6 

12.8 

6.8 

1.4 

0.7 

Aug.  6  . 

910 

52 

21.7 

11.3 

67.3 

34.9 

9.7 

4.9 

1.0 

0.5 

0.3 

0.2 

Sept.  6  . 

815 

51 

23.0 

11.7 

65.8 

33.5 

9.8 

4.9 

0.9 

0.5 

0.4 

0.2 

Oct.  5 .  . 

625 

62 

26.4 

16.3 

64.4 

39.9 

8.5 

5.2 

0.6 

0.4 

Nov.  4  . 

800 

58 

22.5 

13.0 

66.4 
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0.2 

1889 

Api-il  10 

700 

29.8 

53.3 
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1.2 

0.6 
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71 

28.2 

20.0 

50.1 
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12.9 
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0.4 

Aug.  1  . 

670 

62 

30.6 

18.9 

44.2 

27.4 

15.2 

9.4 

9.6 

5.9 

0.4 

0.2 

Dec.   4. 

731 

63 

36.0 

22.0 

38.3 

24.1 

11.3 

7.1 

13.8 

8.7 

0.6 

0.4 

1890 
Feb.  2.. 

622 

51 

32.3 

16.5 

30.1 

15.3 

11.1 

5.6 

26.0 

13.2 

0.5 

0.2 

April  30 

500 

48 

36.5 

17.5 

24.5 

11.7 

9.4 

4.5 

28.9 

13.9 

0.6 

0.3 

The  results  of  further  experiments  prove  that  Experiment  I.  is  not  merely 
an  instance  of  an  abnormal  occurrence  in  an  isolated  animal.  These  results 
are  given  in  the  following  table  : 


Number  of  white  blood-corpuscles. 

Experiment. 

Before  extirpation 
of  the  spleen. 

At  the  close  of  the 
first  year. 

At  the  close  of  the 
second  year. 

1 
2 
4 

10,700 
12,000 
15,000 

14,200 
27,600 
19,200 

18,000 
32,000 
19,000 

Average .    .    . 

12,600 

20,333 

23,300 

Xurloff  obtained  the  followinpr  results  from  the  estimation  of  the 
different  kinds  of  white  blood-corpuscles : 
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6715 
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1969 
2244 
2595 

117 

27 
450 

4232 
5464 
6568 

7568 
16,615 
10,041 

2101 
2980 
3686 

170 

2539 

96 

6570 
5824 
7108 

4410 

20,861 

3009 

1692 
2688 
2138 

5202 
2240 
7543 

From  these  investigations  the  writer  concludes  as  follows  : 

1.  In  the  guinea-pig  the  spleen  is  not  indispensable  to  life,  since  the 
animals  which  survive  a  splenectomy  progress  normally,  and  even 
increase  in  weight. 

2.  The  hypertrophy  and  hyperplasia  of  the  lymph-glands,  especi- 
ally of  the  mesentery,  which  develop  after  the  operation,  are  associated 
with  a  lymphocytosis  that  occurs  so  constantly  in  the  course  of  the  first 
year  after  the  operation  as  to  constitute  a  characteristic  of  the  absence 
of  the  spleen.  This  increase  in  lymphocytes  may  amount  to  double  the 
normal  or  even  more.  It  must  be  concluded  therefore  that  the  removal 
of  the  function  of  the  spleen  is  compensated  for  by  the  lymph-glands. 
This  condition  of  lymphemia  may  persist  exceptionally  for  years,  though 
in  the  majority  of  cases  it  retrogrades  during  the  course  of  the  first  year 
even  to  a  condition  in  which  a  less  number  of  lymphocytes  than  normal 
is  produced. 

3.  In  contrast  to  this,  the  bone-marrow  cells,  the  polynuclear  pseudo- 
eosinophile  cells,  show  not  the  slightest  variation  in  the  course  of  the 
first  year.  Remembering  that  these  occur  normally  only  in  the  bone- 
marrow,  and  that  an  inflammation  in  a  splenectomized  animal  shows 
exactly  the  same  acute  pseudo-eosinophile  hyperleukocytosis  as  in  a 
normal  animal,  it  must  be  confessed  that  the  origin  and  function  of 
these  cells  are  entirely  independent  of  the  spleen  and  are  associated 
with  the  bone-marrow. 

4.  It  is  especially  important  to  note  that  tlie  group  of  so-called 
mononuclear  and  allied  leukocytes  show  no  evident  increase.  Since 
these  cells  normally  occur  both  in  the  spleen  and  in  the  bone-marrow, 
it  must  be  assumed  that  the  latter  is  normally  the  chief  seat  of  origin, 
and  that  the  removal  of  the  spleen  is  tlierefore  easily  concealed  by  a 
slight  increase  of  marrow  activity.  According  to  general  biologic  ex- 
perience, if  the  splenic  production  were  considerable,  one  would  see  an 
overproduction  of  these  cells  in  the  compensating  organs. 
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5.  Most  interesting  is  the  increase  of  eosinophile  cells  which  we  find 
constantly  in  the  second  year  after  the  operation,  and  which  may  be 
relatively  and  absolutely  very  great.  Their  percentage  increased  once 
to  34.6,  and  their  absolute  numbers  at  the  end  of  the  second  year 
amounted  on  an  average  to  30  to  50  times  the  original  number  (see 
Table). 

From  Kurloff 's  investigation,  therefore,  it  is  apparent  that  the  spleen 
plays  a  very  iuj^igniticant  role  in  the  formation  of  white  blood-corpus- 
cles in  the  guinea-pig,  and  that  after  splenectomy  compensation  is  seen 
during  the  first  year  only  in  the  lymph-glands,  though  in  the  second 
year  there  is  also  a  marked  increase  in  the  eosinophile  cells.  It  must 
be  recalled  that  the  spleen  has  nothing  to  do  with  the  formation  of 
pseudo-eosinophile  polynuclear  cells,  the  analogues  of  the  polynuclear 
neutrophile  cells  of  man. 

The  question  naturally  arises.  How  do  Kurloff 's  observations,  which 
might  be  regarded  as  due  to  peculiarities  of  the  animal  experimented  on, 
compare  with  those  of  man  ? 

There  is  wholly  analogous  material  in  cases  where  splenectom.y 
was  done  on  healthy  people  as  the  result  of  a  trauma.  Unfortunately 
this  material  is  rare,  and  it  would  be  of  the  greatest  value  to  study  the 
changes  in  such  cases  throughout  years.  The  writer  himself  began  such 
examinations  in  two  patients  immediately  after  the  operation,  but  was 
prevented  from  continuing  them  by  death  within  the  first  week.  Accord- 
ing to  the  statistics  of  v.  Beck,  there  have  been  only  seven  cases  of 
splenic  rupture  with  subsequent  splenectomy  reported.  Of  these  seven 
cases,  only  two,  one  Riegner's  (Breslau),  the  other  v.  Beck's  (Karlsruhe), 
recovered.  Through  the  kindness  of  these  gentlemen  the  writer  had 
the  privilege  of  examining  preparations  from  these  two  patients. 

V.  Beck's  case  was  operated  on  June  15,  1897.  A  blood  preparation 
was  o])tained  about  six  months  later.  The  examination  showed  a  marked 
lym))henna,  thouuh  for  various  reasons  an  exact  count  could  not  be  made. 
The  preponderating  majority  of  lymphocytes  lielonged  to  the  large  forms. 
The  eosinophiles  were  assuredly  not  increased.  The  writer  hopes  to  have 
the  pleasure  of  following  this  case  further. 

In  the  case  operated  on  after  a  trauma  on  May  17,  1892,  and  later 
described  by  Dr.  Riegner,  the  author  has  made  counts  on  old  and  recent 
preparations.  It  must  be  noted  that  this  was  not  an  uncomplicated  case, 
since  an  amputation  of  the  leg  at  the  thigh  was  done  shortly  after  the 
splenectomy  on  account  of  gangrene.     The  following  figures  were  found  : 

Specimen  from           Polynuclear.  Lymphocytes.  Eosinophiles.  mononuclear 

June  12,  1892    .    .  81.9  per  cent.  15.9  per  cent.  1.3  per  cent. 

Oct.  11,  1892  .    .    .    8         "  13.7       "  •    4          "  1.7  per  cent 

Sept.,  1897  ....  56.8     "  33.1       "  3.5      "  1.5       " 
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It  is  to  be  regretted  that  preparations  at  hand  are  only  from  the 
beginning  and  the  end  of  the  five  years'  period  of  observation.  From 
Riegner's  own  communication  it  appears  that  the  lymjihocytosis  in  this 
case  set  in  one  month  after  the  operation  and  persisted  for  a  long  time, 
as  in  certain  cases  of  KurloiF's  in  animals.  The  increase  in  the 
lymphocytes  at  the  end  of  the  five  years  is  particularly  remarkable. 
The  eosinophile  cells  fluctuated  at  this  period  at  the  upper  boundary  of 
normal.  According  to  all  experience,  it  is  probable  that  they  under- 
went an  intercurrent  elevation  in  number  in  the  meantime. 

Cases  in  which  a  splenectomy  was  done  on  account  of  disease  of  the 
spleen  are  more  frequent.  Among  these  the  cases  of  splenic  cysts  would 
theoretically  give  the  most  significant  results  because  the  part  of  the 
;spleen  not  affected  by  the  cystic  formation  frequently  shows  normal 
structure,  and  accordingly  possesses  functional  power.  The  removal 
of  chronic  splenic  tumors,  on  the  contrary,  is  of  no  value  as  far  as  the 
blood-finding  is  concerned,  since  the  function  of  the  spleen  may  have 
been  lost  long  before  on  account  of  the  pathologic  changes. 

Among  instances  of  the  latter  kind  may  be  mentioned  the  well-known 
and  carefully  observed  cases  of  B.  Crede,  in  which  the  organ  was  extir- 
pated in  a  forty-four  year  old  man  on  account  of  large  splenic  cysts. 
Within  two  months  after  the  operation  there  developed  a  leukemic  con- 
dition of  the  blood  brought  about  exclusively  by  an  increase  of  lympho- 
cytes, as  is  shown  by  Crede's  communication  and  the  accompanying  Table. 
Four  weeks  after  the  operation  a  painful  doughy  swelling  of  the  thyroid 
gland  occurred,  which,  with  fluctuations  in  intensity,  persisted  almost  four 
months.  This  retrogressed  almost  to  normal  simultaneously  with  the 
general  recuperation  of  the  patient.  This  swelling  of  the  thyroid  gland, 
though  it  undoubtedly  stands  in  the  closest  relation  to  the  splenectomy, 
and  is  of  the  greatest  interest,  is  not  a  regular  accompaniment  of  this 
operation,  as  it  failed  to  occur,  for  instance,  in  v.  Beck's  case.  [Warthin's 
interesting  observations  on  hemolymph  glands  will  be  referred  to  in  tlie 
section  on  Pernicious  Anemia. — Ed.] 

The  latest  communications  on  extirpation  for  disease  of  the  spleen 
come  from  Hartmann  and  Vaquez.  From  their  investigations  one 
learns  the  following:  1.  A  slight  post-operative  increase  of  the  red 
blood-corpuscles  and  a  genuine  though  very  transitory  acute  hypcrlcuko- 
cytosis.  2.  A  primary  decrease  in  hemoglobin,  which  gradually  rises 
again  to  normal.  3.  After  four  to  eight  weeks  a  lymphocytosis  of 
varying  duration.  4.  A  moderate  eosinophilia  occurring  late, — after 
many  months. 

The  author  has  liad  the  opportunity  of  examining  three  such  cases : 
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The  first  was  a  patient  (Mrs.  St.)  who  was  examined  in  company  with 
Oberarzt  Dr.  A.  Neumann,  and  whose  spleen  was  removed  by  E.  Hahn  on 
Feb.  8,  1895,  on  account  of  an  echiuococcus  cyst.  It  is  to  be  assumed  that 
even  before  the  operation  the  spleen  did  not  functionate  normally.  On  Sept. 
2,  1897,  the  following  percentages  were  found  : 

Polynuclear  neutrophiles 76.8  per  cent. 

Lymphocytes 18.4         " 

Eosinophiles 3.4         " 

Large  mononucleare 1.1         " 

Mast-cells 0.4        " 

These  were  almost  normal  conditions.  Still,  it  must  be  added  that  the 
patient  manifested  a  beginning  phthisis  pulmonum,  to  which  a  relative  in- 
crease of  the  polynuclear  elements  must  be  attributed,  and  without  which 
the  percentage  of  lymphocytes  and  eosinophiles  would  probably  have  been 
higher. 

For  the  knowledge  of  two  other  cases  thanks  are  due  Prof  Jonnescu,  of 
Bucharest.  One  case  was  that  of  a  man  about  forty  years  of  age,  in  whom  the 
spleen  was  extirpated  on  Sept.  27,  1897,  on  account  of  splenomegaly.  Healing 
was  by  primary  intention.  The  white  blood-corpuscles  were  persistently 
increased.  The  proportion  of  the  whites  to  the  reds  was  1 :  120  to  1  :  130  ; 
the  number  of  reds  averaged  3,000,000.  Examination  of  specimens  obtained 
two  months  after  the  operation  showed  a  decided  lymphemia,  large  lympho- 
cytes preponderating.  The  eosinophiles  and  mast-cells  were  evidently  in- 
creased. j\Iore  exact  estimations  of  numbers  are  not  permissible  because  the 
specimen  was  not  uniformly  spread. 

From  the  second  case,  which  was  likewise  operated  on  on  account  of 
splenomegaly,  only  very  much  injured  specimens  were  obtamed.  Still,  it 
could  be  determined  with  certainty  that  there  was  no  considerable  increase 
of  lymphocytes,  while  the  number  of  eosinophiles  was  evidently,  the  number 
of  mast-cells  to  a  less  degree,  augmented.  It  is  probable  that  the  increase 
of  these  last  two  was  not  the  result  of  the  splenectomy,  but  rather  the  expres- 
sion of  reactive  changes  brought  about  by  the  disappearance  of  the  splenic 
function  l)efore  the  operation. 

[In  a  personal  ol)servation  of  a  case  of  splenomegaly  I  found  large  num- 
bers of  eosinophile  cells  before  operation,  at  a  time  when  the  disease  was 
doubtless  of  over  a  year's  duration.  After  the  operation  there  was  at  first 
a  reduction  of  the  percentage  as  well  as  actual  numbers,  and  for  a  time  a 
polymorphonuclear  leukocytosis  (pneumonic).  Subsequently  the  eosino- 
philia  reappeared  and  was  present  three  months  after  the  operation. — Ed.] 

These  cases  of  splenectomy  furnish  a  criterion  for  chronic  diseases 
of  the  spleen.  For  although  it  is  very  difficult  in  these  cases  to  make 
positive  statements,  since  it  is  never  known  to  what  extent  the  individual 
org^ans  have  been  injured  or  influenced  by  the  general  disease,  an  increase 
of  the  lym])hocytes  (provided  disease  of  the  lymphatic  glands  is  excluded) 
would  point  to  functional  abrogation  of  the  spleen. 

If,  on  the  contrary,  in  a  case  of  chronic  splenic  tumor  an  increase 
in  the  eosinophile  cells  is  found,  this  would  be  attributable  to  Knrloff's 
secondary  reaction  of  the  bone-marrow.  Several  such  cases  may  be 
found  in  the  literature;  for  instance,  Miillei'  and  Rieder  mention  three- 


NORMAL  AND  PATHOLOGIC  HISTOLOGY  OF  THE  BLOOD.      81 

cases  of  tumor  lienis  caused  by  congenital  lues,  hepatic  cirrhosis,  and  a 
neoplasm  of  the  skull  cavity,  respectively,  in  which  the  eosinophiles 
amounted  to  12,3  per  cent.,  7  per  cent.,  and  6.5  per  cent. ;  while  in  three 
cases  of  acute  splenic  tumor  associated  with  typhoid  fever  the  percent- 
ages varied  from  0.31  to  a  maximum  of  0.82.  These  writers  ask  the 
question,  since  Ehrlich  insists  that  the  probable  source  of  the  eosinophile 
cells  is  the  bone-marrow,  "  Does  this  increase  of  the  eosinophile  cells 
stand  in  relation  to  the  splenic  tumor  or  to  a  participation  of  the  bone- 
marrow,  the  function  of  which  has  been  increased  in  order  to  compen- 
sate for  the  greater  or  less  loss  of  blood-formation  produced  by  the 
(functionally)  extirpated  spleen  ?" 

From  what  has  been  shown  there  can  be  no  doubt  that  the  question 
has  been  decided  according  to  Ehrlich's  view. 

What  then  are  the  physiologic  functions  of  the  spleen  since  they  are 
unnecessary  to  the  preservation  of  life  ?  Its  chief  role  seems  to  be  to 
take  up  the  fragments  of  the  red  and  white  blood-corpuscles  broken  up 
in  the  circulation  so  that  the  organism  will  not  entirely  lose  this  valu- 
able material.  Ponfick,  for  instan('e,has  demonstrated  that  on  destruction 
of  the  red  blood-corpuscles  the  spleen  takes  up  a  part  of  the  "  shadows," 
and  he  therefore  designated  the  enlargement  as  a  spodogenous  splenic 
tumor  (<ryTooo7,  ashes,  debris).  Ehrlich  brought  forward  a  correspond- 
ing demonstration  in  regard  to  the  products  of  destruction  of  the  white 
blood-corpuscles,  and  showed  that  the  splenic  tumor  seen  in  infectious 
diseases  and  in  phosphorus-poisoning  is  to  a  great  extent  produced  by 
the  parenchyma  of  the  spleen  taking  up  the  debris  c^  the  neutrophile 
cells. 

The  relation  of  the  spleen  to  a  new  formation  of  red  blood-corpus- 
cles is  one  of  the  problems  of  comparative  anatomy.  Results  found  in 
one  animal  can  not  be  applied  to  others.  In  the  lower  vertebrates,  as 
fishes,  frogs,  turtles,  and  even  birds,  tlie  blood-making  power  of  the 
spleen  is  of  great  importance,  while  in  mammalia  it  has  little  if  any 
significance.  One  finds  nucleated  red  blood-corpuscles  in  the  spleens  of 
normal  mice  in  relatively  large  numbers ;  they  are  scanty  and  often 
found  only  on  careful  examination  in  those  of  rabbits.  In  the  spleens  of 
dogs  they  are  physiologically  absent,  but  may  be  found  after  an  anemia 
has  been  produced  by  hemorrhage ;  while  in  the  human  spleen  they  arc 
found  neither  normally  nor  in  cases  of  severe  anemia,  but  only  in  leu- 
kemia. U.  Gabbi,  in  his  very  recent  communication  on  the  hemolytic 
function  of  the  spleen,  em])hasizes  the  difference  between  the  different 
species  of  animals.  In  guinea-])igs  he  found  that  the  spleen  exercised 
a  pronounced  destructive  action  upon  tiie  red  blood-corpuscles,  while  in 
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rabbits  this  faculty  was  only  suggested.  Corresponding  to  this,  in 
splenectomized  guinea-pigs  the  number  of  red  blood-corpuscles  in- 
creased on  an  average  377,000  per  c.mm.,  the  amount  of  hemoglobin 
8.2  per  cent. ;  in  splenectomized  rabbits  this  increase  was  wanting. 

Considering  all  of  the  foregoing  results,  it  must  be  concluded  that 
the  function  of  the  spleen  in  the  production  of  white  blood-corpuscles 
can  not  be  great,  and  that  if  white  cells  are  produced  by  it  these  must 
be  free  from  granules.  Consequently  the  spleen  stands  in  a  closer 
relation  to  the  lymphatic  system  than  to  the  bone-marrow.  There  is 
assuredly  not  the  slightest  relation  of  the  spleen  to  ordinary  leuko- 
cytosis.^ 

The  I/yinpli-g"lands. — Bince  it  is  impossible  to  remove  experi- 
mentally all  the  lymph-glands,  one  is  constrained  to  study  their  partici- 
pation in  the  formation  of  blood  almost  entirely  in  clinical  and  anatomic 
investigations. 

The  view  that  the  lymphocytes  of  the  blood,  both  large  and  small, 
are  identical  with  those  of  the  lymph-glands  and  lymphatic  apparatus 
generally,  has  remained  uncontested  since  Virchow's  description  of  them, 
and  it  must  be  evident  to  everyone  from  the  complete  correspondence 
of  their  morphology,  the  staining  properties  manifested  by  the  protoplasm 
and  nucleus,  and  the  absence  of  granulations. 

The  view  that  the  lymphocytes  of  the  blood  actually  originate  in  the 
lymphatic  system  is  supported  by  numerous  clinical  observations.  Ehr- 
lich  some  time  ago  drew  attention  to  the  fact  that  when  extensive  por- 
tions of  the  lymph-gland  system  were  damaged  by  disease  the  number 
of  lymphocytes  may  be  considerably  diminished,  and  this  has  been 
frequently  confirmed  by  dilferent  writers.  Reinbach  described  several 
cases  of  malignant  tumors,  especially  sarcoma,  in  which  the  per- 
centiige  of  lymphocytes  (normally  about  25)  was  decidedly  dimin- 
ished— c.  (/.,  a  case  of  lymphosarcoma  colli,  in  which  they  amounted 
to  only  O.G  per  cent.  This  finding  may  be  readily  explained  by  the 
disappearance  of  function  of  the  lymph-glands.  How  the  advocates 
of  the  theory  that  the  lymphocytes  arc  early  stages  of  the  other 
white    blood-corpuscles    deal    with    this    fact    is    difficult    to    under- 

'  C.  S.  Engel  has  recently  proposed  to  designate  acute  leukocytosis  as  "  lienal  leuko- 
cytosis," analogously  to  the  clinical  conception  of  lienal  leukemia.  This  name  would  be 
appropriate  only  if  the  polynuclear  cells  originated  in  the  spleen,  an  assumption  which 
even  Engel  does  not  consider,  since  he  expressly  insists  that  no  conclusion  in  regard  to 
the  origin  of  these  cells  should  he  drawn  from  the  designation.  Since,  however,  as  will 
be  shown  in  the  next  section,  acute  leukocytosis  is  referable  exclusively  to  the  bone- 
marrow,  the  designation  lienal  leukocytosis  seems  absolutely  wrong  because  it  would 
lead  to  an  entirely  erroneous  conception  as  to  the  origin  of  leukocytes. 
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stand.  The  only  thing  they  can  say  is,  that  the  lymphocytes  in  such 
cases  are  rapidly  transformed  into  the  older  forms  of  polynuclear  ele- 
ments, or,  in  Uskoff's  words,  there  is  a  precipitate  maturity  of  the 
lymphocytes. 

[Wolif  ^  believes  that  there  are  formed  in  all  the  blood-making  organs 
cells  similar  to  lymphocytes,  bat  capable  of  developing  into  different 
forms  of  leukocytes.  As  a  rule,  the  different  blood-making  organs 
have  individual  function,  but  in  case  of  necessity  they  are  capable  of 
vicarious  action,  and  thus  in  certain  anemias,  like  that  of  lead-poison- 
ing, the  spleen  may  have  myeloid  action.  He  claims  to  have  discovered 
in  cases  of  leukemia  under  his  observation  transitional  conditions  between 
lymphoid  and  myeloid  disease.  Further  reference  to  the  origin  of  lym- 
phoid cells  will  be  made  in  reference  to  leukemia. — Ed.] 

Further  proofs  of  the  origin  of  the  lymphocytes  from  the  lymph- 
glands  are  found  in  cases  which  show  an  increase  in  lymphocytes. 
These  ''  lymphocytoses"  are  rare  in  comparison  with  other  leukocytoses. 
They  are  found  most  commonly  in  conditions  associated  with  a  hyper- 
plasia of  the  lymphatic  apparatus.  Ehrlich  and  Karewski,  in  a  work 
not  yet  published,  examined  a  large  number  of  typical  cases  of 
lymphoma  malignum,  and  found  regularly  a  lymphocytosis  which  was 
sometimes  so  marked  as  almost  to  simulate  leukemia. 

Supported  by  this  fact,  Ehrlich  and  Wassermann,^  in  the  case  of  a  rare 
skin  disease,  made  the  diagnosis,  in  vivo,  of  a  malignant  lymphoma  merely 
from  the  absolute  increase  of  the  lymphocytes,  although  no  swelling  of  the 
glands  was  palpable.  The  principal  post-mortem  finding  was  a  tumor  of 
the  retroperitoneal  lymph-glands  the  size  of  one's  fist. 

Moreover,  the  lymphocytosis  occurring  after  extirpation  of  the 
spleen  (see  above)  belongs  here,  since  it  is  invariably  associated  with 
vicarious  enlargement  of  the  lymph-glands. 

In  the  investigation  of  the  conditions  under  which  a  greater  number 
of  lymphocytes  appear  in  the  circulation  during  health,  one's  attention 
is  attracted  naturally  to  the  digestive  tract,  the  wall  of  which  con- 
tains large  amounts  of  lymphatic  tissue.  In  digestive  leukocytosis, 
according  to  Rieder,  the  proportion  of  lymphocytes  to  polynuclear  cells 
remains  about  normal,  though  it  fluctuates  rather  in  fiivor  of  the 
lymphocytes,  while  there  is  a  marked  relative  diminution  of  the 
eosinophiles.  The  digestive  leukocytoses,  therefore,  are  evidently  dif- 
ferentiated from  those  in  which  the  neutrophile  elements  alone  are 
increased.     The  simultaneous  increase  of  lymphocytes  and  polynuclear 

»  Zeit.f.  klin.  Med.,  1902,  vol.  xlv.,  p.  385. 
*  DeTmatolog.  Zflt^chr.,  1894,  vol.  i. 
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cells  is  apparently  the  result  of  a  superaddition  of  lymphocytes  to  an 
ordinary  leukocytosis  produced  by  assimilated  metabolic  products. 

The  influence  of  the  digestive  tract  is  still  more  striking  in  certain 
diseases,  especially  the  intestinal  diseases  of  nurslings.  For  instance, 
Weiss  found  in  simple  gastric  and  intestinal  catarrhs  a  considerable 
increase  of  white  blood-corpuscles,  due  principally  to  lymphocytes. 

According  to  the  late  observations  of  Meunier,  whooping-cough 
may  be  mentioned  among  the  small  number  of  diseases  associated  with 
a  pronounced  lymphemia.  In  the  convulsive  stage  of  this  disease  both 
the  polynuclear  cells  and  the  lymphocytes  are  increased,  the  latter  to 
a  predominating  degree ;  the  increase  of: the  former  being  about  double, 
of  the  latter  four  times  the  normal.  Meunier  is  probably  correct  in 
attributing  this  lymphocytosis  to  the  irritation  and  swelling  of  the 
tracheobronchial  glands. 

An  increase  of  lymphocytes  from  chemic  irritation  is  extremely 
rare,  while  there  are  a  number  of  substances  (bacterial  products,  pro- 
tein, nuclein,  organic  extracts,  etc.)  capable  of  producing  polynuclear 
leukocytosis.  In  very  isolated  cases  an  increase  in  lymphocytes  has 
been  seen  following  an  injection  of  tuberculin  in  tuberculous  individuals 
(E.  Grawitz) ;  yet  on  account  of  the  rarity  of  these  cases  it  can  scarcely 
be  doubted  that  a  latent  tuberculosis  of  the  glands  participates,  and  the 
increased  number  of  lymphocytes  is  produced  not  by  the  chemic  prop- 
erties of  the  tuberculin,  but  by  an  extensive  specific  reaction  on  the  part 
of  the  diseased  glands. 

Only  one  single  substance  has  so  far  been  mentioned  in  the  literature 
as  capable  of  producing  lymphocytosis,  namely,  pilocarpin.  Walstein 
claims  that  he  produced  lymphemia  by  injections  of  pilocarpin,  and 
that  a  progressive  increase  in  lymphocytes  followed  repeated  injections. 

Lymphocytosis,  therefore,  stands  in  sharp  contrast  to  ordinary 
leukocytoses,  for  while  the  latter  are  incontestably  the  expression  of 
cheniotaxis — /.  e.,  the  action  of  soluble  substances  on  the  bone-marrow 
— lymphocytosis  is  due  to  a  local  irritation  of  lymph-glands.  Conse- 
quently one  must  refer  the  increase  in  lymjihocytes  in  digestive  leuko- 
cytoses, and  in  the  intestinal  diseases  of  children,  to  the  irritation  of  the 
lymphatic  apparatus  of  the  intestine,  and  that  following  the  injection 
of  tuberculin  to  the  reaction  of  diseased  lymph-glands.  Accordingly 
one  is  obliged  to  conclude  that  a  lymphocytosis  occurs  when  in  response 
to  an  increased  circulation  of  lymph  in  a  greater  or  less  extensive 
lymphatic  region,  more  elements  are  mechanically  forced  from  the 
lymph-glands.  The  pilocarpin  lymphocytosis  furnishes  no  argument 
against  this  view,  since  pilocarpin  produces  an  extraordinary  decrease. 
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even  though  transient,  in  the  general  amount  of  water,  on  account  of 
which  fluid  containing  lymph-cells  is  readily  forced  into  the  blood.  We 
must,  therefore,  consider  lymphocytosis  as  the  result  of  a  mechanical 
process ;  leukocytosis,  as  the  expression  of  a  chemotactic  reaction  on 
the  part  of  the  polynuclear  cells. 

The  best  support  for  this  theory  is  found  in  the  fact  that  the  poly- 
nuclear leukocytes  possess  a  lively  ameboid  motility  which  is  wanting 
in  the  lymphocytes.  [A  number  of  investigators  (Maximow,  Almkoist, 
Hirschfeld,  Flexner  and  Bunting,  Welch,  Kelly)  either  observed 
ameboid  movements  or  were  able  to  bring  forward  indirect  evidence 
of  such  movements  on  the  part  of  the  lymphocytes.  There  seems 
little  doubt  of  the  accuracy  of  this  view. — Ed.] 

Corresponding  to  this  lack  of  motility,  one  finds  that  the  lymphocytes, 
in  contrast  to  the  polynuclear  neutrophiles  and  oxyphiles,  are  unable, 
in  inflammatory  processes,  to  leave  the  vessels.  An  experiment  that  is 
very  interesting  in  this  connection  was  described  years  ago  by  Neu- 
mann. This  investigator  produced  suppuration  in  a  patient  with 
lymphatic  leukemia,  whose  blood  contained  only  a  very  small  number 
of  polynuclear  cells.  Examination  of  the  pus  showed  that  it  consisted 
exclusively  of  polynuclear  cells,  and  that  not  a  single  one  of  the 
numerous  lymphocytes  present  in  the  blood  appeared  in  the  exudate. 

Similar  results — i.  e.,  polynuclear  elements  alone — are  found  on 
histologic  examination  of  all  recent  inflammatory  processes.  That  a 
small-cell  infiltration,  consisting  apparently  of  lymph-cells,  appears  in 
the  course  of  the  inflammation,  is  well  known,  yet  this  by  no  means 
proves  that  they  wandered  out  from  the  vessels.  This  is  not  the 
place  for  a  review  of  the  prolific  controversy  in  regard  to  these  small 
cells,  and  the  authors  must  content  themselves  with  a  reference  to  the 
very  recent  thorough  work  of  Ribbert.  Ribbert  regards  these  collec- 
tions of  small  cells  as  analogues  of  lympli-nodules,  and  attributes  their 
formation  to  an  increase  in  size  of  the  lymphatic  foci  which  were  present 
normally  though  less  developed. 

Therefore,  we  must  conclude  from  clinical  and  morphologic  investi- 
gation, as  well  as  from  observation  of  inflammatory  processes,  that  the 
lymphocytes  stand  in  no  reciprocal  relation  to  the  polynuclear  leuko- 
cytes. In  the  following  section  we  shall  arrive  at  the  same  conclusion 
in  another  way. 

The  Bone -marrow. — The  spleen  and  lymph-glands  alone  were 
considered  the  breeding-places  of  blood-corpuscles  until  the  almost 
simultaneous  investigations  of  Neumann  and  Bizzozero  drew  general 
attention  to  the  l)one-marrow  bv  showins:  that  the  advance  stages  of  the 
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red  blood-corpuscles  were  found  there.  This  discovery  was  quickly 
recognized  and  applied  to  pathology  by  Cohnheim  and  others.  The 
demonstration  that  after  severe  hemorrhage  the  yellow  marrow  of  the 
long  tubular  bones  was  transformed  again  into  red  marrow,  showing  an 
increased  demand  on  the  regenerativ^e  function  of  the  bone-marrow, 
was  especially  valuable  in  this  regard. 

The  writers  know  of  no  other  locality  in  man  where  red  blood-corpus- 
cles are  formed,  though  in  other  mammalia,  as  was  mentioned  previously 
(p.  81),  the  spleen  plays  a  slight  role  in  their  formation.  The  type 
which  the  formation  of  erythrocytes  follows  normally  in  adults  and 
the  differences  manifested  in  pernicious  anemia  have  been  described 
in  detail  in  the  chapter  on  the  Red  Blood-corpuscles.  There  it  was 
sho^^^^  that  according  to  Ehrlich's  view  the  formation  of  erythro- 
cytes in  Biermer's  anemia  follows  a  type  analogous  to  that  in  the 
embryo. 

In  this  section  we  are  concerned  especially  with  the  white  blood- 
corpuscles  and  their  connection  with  the  bone-marrow.  In  man,  as 
well  as  in  a  large  number  of  animals  {e.  g.,  apes,  guinea-pigs,  rabbits, 
doves,  etc.),  the  cells  produced  by  the  bone-marrow  invariably  show 
specific  granulations  in  sharp  contrast  to  those  produced  by  the  lym- 
phatic system,  which  in  all  animals  are  non-granulated. 

The  granular  cells  of  the  bone-marrow  are  conveniently  divisible 
into  two  groups : 

The  first  group,  constituted  by  the  so-called  specific  granular  cells, 
is  of  most  importance  on  account  of  the  fact  that  because  of  morphologic 
and  tinctorial  differences  it  is  characteristic  of  certain  species  of  animals. 
For  instance,  in  man  and  in  apes  the  cells  show  neutrophile  granulations  ; 
in  guinea-pigs  and  rabbits  there  are  the  pseudo-eosinoj^hiles  described 
by  Kurloff;  in  birds  two  specific  granulations,  both  oxyphilic,  one  in 
crystal  form,  the  other  in  granules.  The  varieties  of  specific  granules 
investigated  so  far  have^  this  in  common,  that  they  are  stained  by  acid 
or  neutral  stains,  and  show  scarcely  any  affinity  for  basic  dyes.  The 
great  importance  of  these  cells  is  evident  from  the  fact  that  they  far 
exceed  in  number  the  other  bone-marrow  elements  in  all  species  of 
animals. 

The  second  group  of  bone-marrow  colls  contains  granules  common 
to  the  whole  series  of  vertebrates,  from  the  frog  to  man,  and  is,  there- 
fore, not  characteristic  in  any  individual  species.  This  is  made  uj)  of: 
1.   Eosinojiliilos  ;  2.  Basophile  mast-colls. 

The  iKiii-graiiulated  cells  of  the  bone-marrow  are  represented  gen- 
erally by  inoMoiiuclcar  forms  of  different  types.     Their  number  and  sig- 
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nificance  are  less  marked  than  in  the  case  of  the  granuhited  cells  of  the 
first  group. 

Among  these  non-granular  cells,  giant-cells  require  special  mention, 
since  they  are  an  almost  constant  constitutent  of  the  bone-marrow  in 
mammalia.  According  to  the  recent  investigations  of  Pugliese,  in  the 
hedge-hog,  the  giant-cells  of  the  bone-marrow  increase  considerably 
after  extirpation  of  the  spleen.  In  this  animal  the  spleen  is  of  extra- 
ordinary size,  and  accordingly  seems  to  fulfil  a  much  more  important 
hematopoietic  function.  Pugliese  claims  that  in  splenectomized  hedge- 
hogs the  nucleated  giant-cells  are  transformed  into  leukocytes  by  ami- 
totic nuclear  division.  Unfortunately  in  this  preliminary  communica- 
tion there  is  no  notice  taken  of  the  granules  in  the  bone-marrow  cells. 

When  a  stained  preparation  of  bone-marrow,  for  instance,  from 
guinea-pigs,  rabbits,  or  man,  is  examined,  the  characteristic  finely 
granulated  cells  are  found  in  all  stages  of  development  from  the  mono- 
nuclear through  the  transition-forms  to  the  polynuclear  (polymorpho- 
nuclear), just  the  same  as  in  the  circulating  blood.  Moreover,  one  glance 
is  sufficient  to  show  that  the  bone-marrow  is  evidently  the  breeding- 
place  where  typical  polynuclear  cells  are  formed  from  granular  mono- 
nuclear cells. 

The  polynuclear  eosinophile  leukocytes  may  be  seen  undergoing  a 
similar  maturation. 

By  special  staining  Ehrlich  was  able  to  show  that  during  the  trans- 
formation of  mononuclear  cells  to  polynuclear  the  properties  of  the 
granules  changed.  When  young,  the  cells  show  a  predominance  of 
basophile  granules  which  gradually  disappear  on  the  maturing  of  the 
cells.  For  instance,  the  pseudo-eosinophile  granules  of  the  mono- 
nuclear cells  of  the  rabbit,  stained  after  long  fixation  at  a  high  tem- 
perature in  a  steam  sterilizer,  appeared,  with  eosin-methylene-blue, 
bluish  red.  In  the  transitional  stages  they  gradually  lost  this  mixed 
color,  and  in  the  polynuclear  leukocytes  stained  pure  red.  Analogous 
observations  have  been  made  on  the  eosinophile  cells  of  man  and  ani- 
mals, and  on  the  neutrophile  cells  of  man.  It  is,  therefore,  possible 
to  decide  from  an  isolated  granule  whether  it  belonged  to  a  young  or 
an  old  cell. 

How  rapidly  the  mononuclear  cells  go  over  into  the  polynuclear, 
and  whether  the  maturation  of  the  granules  invariably  corresponds  to 
that  of  the  whole  cell,  can  not  be  stated  with  certainty.  Still,  on  the 
ground  of  the  writers'  observations,  it  may  be  assumed  that  ordinarily 
both  mature  simultaneously,  though  in  sj^ecial  cases  the  maturation  of  the 
cell  may  be  more  rapid  than  that  of  the  granules.      These  observations 
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can  readily  be  made  on  eosinophile  cells.  It  was,  for  instance,  men- 
tioned by  Ehrlieh  in  his  first  work  (1878)  that  besides  the  typical 
eosinophile  granules,  isolated  granules  were  frequently  found  which 
showed  a  different  behavior  to  the  stain  ;  for  example,  which  would 
stain  more  black  in  eosin-aurantia-nigrosin,  bluish-red  to  pure  blue  in 
eosin-methylene-blue.  Even  then  Ehrlieh  described  these  as  young 
elements.  Similar  phenomena  are  seen  in  both  the  neutrophiles  and 
eosinophiles  of  the  circulating  blood  in  leukemia.  Ehrlieh  repeatedly 
found  in  leukemic  blood  polynuclear  eosinophile  cells  containing  almost 
exclusively  young  ^  granules. 

Ehrlieh  attributed  this  to  atypical  hastening  of  maturation  on  the 
part  of  the  cell  and  a  comparatively  slow  development  of  the  granules. 

One  sees  in  normal  blood  only  the  mature  forms  of  the  specific  gran- 
ular leukocytes  ordinarily  found  in  the  bone-marrow,  and  never  the 
mononuclear  and  transition-forms  of  the  neutrophile  group. 

Since  the  latter  are  found  exclusively  in  the  bone-marrow,  and  never 
in  the  spleen  and  lymph-glands,  Ehrlieh  considered  them  the  most  char- 
acteristic cells  of  the  bone-marrow,  and,  xarkqay^/^v,  designated  them 
"  myelocytes."  "  Considerable  numbers  of  myelocytes,  no  matter  what 
the  size,  are  found  in  the  blood  of  adults  practically  only  in  myelogenic 
leukemia  (the  rare  exceptions  to  this  which  could  never  be  confused 
with  leukemia,  are  stated  on  pp.  68  and  69). 

The  same  is  true  of  the  eosinophile  cells  in  that  the  mononuclear 
varieties  which  may  be  described  as  eosinophile  myelocytes  occur  almost 

'  Tliis  double  staining  of  the  eosinophile  gi-anules  has  been  interpreted  by  many 
writers,  for  instance,  Arnold,  to  indicate  that  eosinophile  and  mast-cell  granulations 
occurred  in  the  one  cell.  That  this  is  not  the  case  is  evident  from  the  fact  that  in  meta- 
chromatic staining  the  "  basophile  "  granulations  of  the  eosinophile  cells  do  not  show  the 
metachromasia  characteristic  of  the  mast-cells. 

^  Recently  A.  Friinkel  reported  a  series  of  histologic  investigations  in  which  he 
succeeded  in  one  single  case  in  finding  genuine  myelocytes  within  inflamed  lymph- 
glands.  He  says  (XV.  Congress  f.  innere  Medicin)  :  "  A  short  time  ago  I  had  a  series 
of  methodical  investigations  made  by  my  assistant,  Dr.  Japha,  on  the  granulation  of  the 
leukocytes  in  the  lymjjh-glands  in  a  large  number  of  infectious  diseases,  like  scarlet  fever, 
diphtheria,  and  typhoid  fever,  wliich  were  associated  with  acute  swelling  of  the  glands. 
These  investigations  were  made  on  cover-glass  specimens  prepared  from  the  juice  of  the 
glands  removed  inmiediately  after  death  and  stained  by  Erhlich's  triacid  mixture.  In 
a  large  number  of  cases  so  examined,  only  one,  an  instance  of  scarlet  fever,  showed  mono- 
nuclear cells  with  neutrophile  granulations.  This  case,  however,  was  unquestionable." 
The  extraordinary  rarity  of  this  finding  convinces  the  writere  that  the  formation  of 
neutrophile  mononuclear  elements  can  not  be  regarded  as  a  normal  function  of  lymph- 
glands.  Polynuclear  neutrophile  cells  invariably  occur  in  inflamed  lymph-glands,  but 
naturally  only  as  elements  which  have  wandered  in  in  response  to  the  inflammation. 
That  polynuclear  neutrophile  leukocytes  may  be  transformed  in  the  tissue  into  mono- 
nuclear, is  demonstrated  by  every  pus  preparation,  and  ihis  may  explain  Japha's  isolated 
observation. 
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exclusively  in  leukemic  blood.  These  forms,  first  observed  by  H.  F. 
Muller,  are  of  less  diagnostic  value,  since  the  principal  foreign  elements 
in  the  blood  in  myelogenic  leukemia  are  Ehrlich's  myelocytes. 

Very  important  conclusions  regarding  the  question  of  leukocytosis 
may  be  deduced  from  these  observations.  Recalling  that  polynuclear 
neutrophile  cells  develop  and  are  stored  only  in  the  bone-marrow, 
and  that  in  the  ordinary  leukocytoses  they  alone  are  increased,  it 
becomes  clear  that  leukocytosis  is  purely  a  function  of  the  bone-marrow, 
as  Ehrlich  has  always  insisted.  Moreover,  the  sudden  occurrence  of 
leukocytosis,  as  frequently  seen  in  diseased  conditions  and  experiments, 
can  be  satisfactorily  explained  only  in  this  way.  It  is  impossible  to 
believe  that  in  the  period  of  time  in  which  leukocytosis  develops,  often 
only  a  few  minutes,  new  formation  of  leukocytes  could  occur ;  conse- 
quently there  must  be  a  storage  place  for  those  cells  ready  formed  and 
capable  of  wandering  out  on  any  suitable  irritation.  This  place  is  the 
bone-marrow,  and  the  bone-marrow  alone.  Here  all  mononuclear  cells 
gradually  mature  to  polynuclear  contractile  cells  which  respond  to 
chemotactic  irritation  by  emigration,  and  so  produce  acute  leukocytosis. 

The  bone-marrow,  therefore,  fulfils,  besides  others,  the  highly  impor- 
tant purpose  of  a  protective  organ  from  which  injurious  influences 
attacking  the  organism  can  be  quickly  and  energetically  combated, 
just  as  in  a  fire-station  help  is  continually  at  hand  to  respond  to  the 
signal  of  danger  from  any  locality. 

The  fact  has  still  to  be  noted  that  the  large  mononuclear  leukocytes 
and  the  transitional  cells  of  normal  blood  do  not  increase  in  ordinary 
leukocytoses.  In  fact,  in  high  grades  of  leukocytosis  their  percentages 
may  be  actually  diminished  on  account  of  the  increase  of  the  poly- 
nuclear cells.  It  appears,  therefore,  that  these  elements  do  not  respond 
to  chemotactic  irritation,  and  probably  enter  the  blood  in  a  different 
way  from  that  of  the  polynuclear  cells. 

The  authors  believe  that  the  non-granular  mononuclear  cells  of  man  are 
analogous  to  those  described  by  Kurloff  in  guinea-pigs  (see  p.  73)  ;  though 
Kurloff's  cells  in  their  transformation  remain  non-granular,  while  the  mouonu- 
clear  cells  of  man  eventually  become  neutrophile  granulated  polynuclear  cells. 
In  tlie  acute  leukocytosis  of  gninea-pigs  only  the  pseiido-eosinophile  poly- 
nuclear cells  which  emigrate  as  such  from  the  hone-marrow  are  increased,  not 
the  polynuclear  non-grannlar  cells  which  grow  to  maturity  in  the  blood. 
The  special  characteristics  of  guinea-pigs'  blood,  in  which  two  varieties  of 
polynuclear  cells  remain  recognizable,  clear  up  the  obscurity  of  the  corre- 
sponding conditions  in  human  blood,  where  interpretation  is  more  difficult 
on  account  of  the  polynuclear  neutrophiles  showing  a  double  genesis,  the 
majority  coming  ready-formed  from  the  bone-marrow,  a  small  minority  being 
formed  within  the  circulation  from  the  mononuclear  and  transitional  forms. 
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Nothing  is  known  with  certainty  as  to  the  place  of  formation  of  the 
non-granular  large  mononuclear  leukocytes. 

It  has  been  demonstrated  by  Kurloff  that  these  cells  occur  in  guinea- 
pigs  in  both  the  bone-marow  and  spleen,  and  that  after  extirpation  of 
the  spleen  their  absolute  number  is  not  changed.  The  bone-marrow  is, 
therefore,  capable  in  guinea-pigs  of  preserving  the  normal  balance  of 
the  large  mononuclear  non-granular  cells  in  the  blood. 

The  authors'  estimations  of  these  cells  in  human  blood  after  sple- 
nectomy gave  normal  numbers.  One  may,  therefore,  assume  that  the 
great  majority  of  large  mononuclear  non-granular  cells  of  human  blood 
likewise  originate  in  the  bone-marrow. 

Still,  on  account  of  their  small  number  and  their  not  very  evident 
characteristics,  they  are  extremely  difficult  to  point  out  in  the  midst  of 
the  different  varieties  of  cells  in  the  bone-marrow.  Thorough  investi- 
gation of  their  origin  is,  therefore,  almost  impossible,  and  will  probably 
be  successful  only  when  an  experimental  disease  is  found  M'hich  is 
capable  of  producing  an  important  increase  of  this  variety  of  cell. 
This  is  not  beyond  the  range  of  probability,  since  an  absolute  increase 
of  the  large  mononuclear  cells  has  been  observed  in  man  in  the  post- 
febrile stage  of  measles. 

From  microscopic  investigations,  therefore,  the  conclusion  may  be 
reached  that  the  bone-marrow  is  by  far  the  most  important  organ  in  the 
formation  of  blood,  since  it  alone  produces  the  red  blood-corpuscles  and 
the  chief  group  of  the  white  corpuscles,  namely,  the  poly  nuclear  neutro- 
philes. 

Experimental  investigation  of  the  bone-marrow  function  presents 
unconquerable  difficulties.  The  removal  of  the  entire  bone-marrow,  or 
even  of  a  large  part  of  it,  is  an  impossible  operation.  Moreover,  com- 
parative estimations  of  the  corpuscles  in  the  arterial  and  venous  blood 
of  bone-marrow  are  without  value.  J.  P.  Roietzky,  under  Uskoff's 
direction,  recently  made  a  series  of  investigations  on  the  blood  of  the 
nutritive  artery  of  the  tibia  and  its  corresponding  vein  in  dogs.  He 
found  that  the  number  of  white  blood-corpuscles  was  somewhat  larger 
in  the  vein,  but  that  the  absolute  number  of  "  young  Ijlood-corpuscles  " 
(Uskoff ) — /.  e.,  of  lymphocytes — -was  considerably  diminished,  while 
the  number  of  "  mature "  cells,  corresponding  in  great  part  to  our 
polynuclear,  was  considerably  increased.  He  presents  the  following 
table  : 

Whole  number.  Young  corpuscles.  Mature  corpuscles.  Old  corpuscles. 

Arterial  blood  .  15,000     19o0  (13  per  cent.)       840  (  5.6  per  cent.)     12,210  (81  percent.) 
Venous      "      .  16,400      656  (  4      "         )     2788  (17        "        )     12,956  (79      "        ) 
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In  making  such  estimations  it  is  necessary  to  assume  that  there  is 
continuous  function  on  the  part  of  the  bone-marrow.  But  if  the  bone- 
marrow  continuously  reduced  the  number  of  the  lymphocytes  to  such 
extent,  it  would  be  impossible  to  understand  how  with  the  extent  of  the 
bone-marrow  and  the  rapidity  of  the  circulation  the  normal  condition 
of  the  blood  would  be  preserved.  Consequently  everything  speaks  for 
the  fact  that  the  bone-marrow  functionates  interruptedly,  inasmuch  as 
the  elements  are  continually  maturiug  in  the  bone-marrow  and  are 
thrown  off  only  at  certain  times  in  response  to  chemic  irritation.  This 
consideration  at  once  shows  how  little  is  to  be  expected  from  investiga- 
tions like  that  of  Roietzky's.^ 

The  clinical  study  of  cases  in  which  considerable  portions  of  the 
bone-marrow  are  replaced  by  other  kinds  of  tissue  is  much  more  im- 
portant. These  cases  are  divisible  into  two  groups  :  1.  Malignant 
tumors  of  the  bone- marrow.     2.  So-called  acute  leukemia. 

Unfortunately  but  few  available  observations  have  so  far  been  made 
in  regard  to  the  first  group,  and  there  are  still  fewer  cases  in  which  the 
entire  bone-marrow  was  subjected  to  an  exhaustive  examination,  which 
alone  would  show  the  extent  of  the  defect. 

The  changes  produced  by  tumors  are  divisible  into  two  groups 
according  to  the  blood-findings.  The  first  is  represented  by  a  case 
published  by  Nothnagel  in  his  well-known  work  on  Lymjjhadenia  ossiitm. 
In  this  the  blood  showed  during  life  merely  the  signs  of  a  simple  severe 
anemia  with  isolated  normoblasts,  a  moderate  leukocytosis,  and  no  my- 
elocytes. The  autopsy  showed  complete  disappearance  of  the  bone- 
marrow  and  its  replacement  by  tumor  masses.  In  this  case,  therefore, 
the  blood-finding  in  vivo  was  completely  explained  by  the  abrogation 
of  the  bone-marrow  function.  Nothnagel  expresses  the  opinion  that  the 
vicarious  formation  of  the  nucleated  red  blood-corpuscles  in  the  spleen 
is  followed  by  that  of  the  leukocytes  in  the  lymph-glands. 

The  second  group  is  exemplified  by  J.  Epstein's  case  recently  reported 
from  Neusser's  clinic,  and  by  that  of  Israel  and  Leyden.  In  this  group 
the  blood  shows,  in  addition  to  the  ordinary  anemic  changes,  others 
partially  characteristic  of  myelogenic  leukemia.  In  Epstein's  case  of 
metastatic  carcinoma  of  the  bone-marrow  a  marked  anemia  was  found 
associated  with  very  many  nucleated  red  blood-corpuscles  of  both  normo- 
blastic and  megaloblastic  type,  the  nuclei  of  which  showed  the  strangest 

^  Moreover,  the  whole  foundation  is  withdrawn  from  Roietzky's  studies  by  the 
statement  of  Geheimrath  Prof.  Schiitz,  that  the  tibia;  of  all  dogs  contain  no  red  marrow, 
but  only  yellow  marrow,  which,  as  is  well  known,  exercises  not  the  slightest  hemato- 
poietic function. 
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figures,  due  not  only  to  typical  nuclear  division,  but  also  to  nuclear 
destruction.  The  white  blood-corpuscles  were  decidedly  increased, 
showing  a  relation  to  the  reds  of  ^^'  This  increase  was  most  evident 
in  the  large  mononuclear  forms,  the  greater  number  of  which  showed 
neutrophile  granulations ;  in  other  words,  belonged  among  the  myelo- 
cytes.    Only  two  eosinophile  cells  were  found  in  all  the  preparations.* 

As  Epstein  correctly  points  out,  the  explanation  of  such  a  blood 
picture,  apart  from  the  purely  anemic  changes,  is  not  easy.  The  occur- 
rence of  myelocytes  is  most  readily  explained  by  direct  irritation  of  the 
remaining  bone-marrow  by  the  surrounding  tumor  masses.  Moreover, 
in  this  irritation  the  mechanical  factor  is  of  less  importance  than  the 
highly  concentrated  metabolic  chemic  products  of  the  tum(jr  which  act 
on  the  motile  cells  in  a  negatively  chemotactic  way.  This  view  is 
supported  by  Reinbach's  careful  investigation  of  the  behavior  of  leuko- 
cytes in  malignant  tumors.  In  forty  cases  myelocytes  were  found  in 
the  blood  only  once  (in  a  case  of  lymphosarcoma  complicated  with  tuber- 
culosis), when  they  amounted  to  about  0.5  to  1  per  cent,  of  the  white 
blood-corpuscles.  The  auto})sy  showed  isolated  yellowish-white  tumor 
foci  up  to  the  size  of  a  dime  in  the  bone-marrow.  When  one  considers 
that  in  none  of  the  other  thirty-nine  cases  myelocytes  were  found,  there 
need  be  no  hesitation  in  explaining  their  presence  in  the  blood  in  this 
single  instance  as  a  result  of  the  bone-marrow  metastases.  Moreover, 
the  limited  distribution  of  the  metastases  explains  the  small  number 
of  myelocytes. 

In  the  interpretation  of  the  megaloblasts  in  this  case  what  has  been 
said  in  another  section  on  the  nature  and  the  significance  of  these  cells 
must  be  remembered.  They  are  not  found  in  normal  bone-marrow, 
but,  according  to  the  theory  of  the  authors,  originate  only  when  specific 
influences,  which  must  be  assumed  to  be  present  in  pernicious  forms  of 
anemia,  act  on  the  bone-marrow\  Therefore,  in  cases  of  tumor  anemia 
in  which  megaloblasts  are  found  in  large  numbers  in  the  blood,  one 
must  assume  that  the  chemic  irritant  which  incites  the  formation  of 
megaloblasts  in  the  bone-marrow  comes  from  the  tumor. 

Yet  the  presence  of  megaloblasts  in  the  bone-marrow  does  not  neces- 
sitate their  occurrence  in  the  blood,  as  is  frequently  sho\\Ti  by  pernicious 
anemia,  in  which  the  bone-marrow  may  be  packed  with  megaloblasts, 
while  only  isolated  specimens  are  found  in  the  blood.  Whether  the 
passage  of  the  megaloblasts  from  the  bone-marrow  into  the  circulation  is 

'  We  call  particular  attention  to  the  small  number  of  eosinophile  cells,  because, 
according  to  Ehrlich's  postulates,  this  want  of  eosinophile  cells  is  incompatible  with  the 
diagnosis  of  leukemia. 


NORMAL  AND   PATHOLOGIC  HISTOLOGY  OF  THE  BLOOD.      93 

attributable  generally,  as  in  Epstein's  case,  to  ehemic  irritation,  or  is  the 
result  of  mechanical  causes — e.  g.,  a  washing  out — can  not  at  present 
be  decided. 

In  addition,  the  bone-marrow  may  be  replaced  by  typical  lymphatic 
tissue.  In  fact,  corresponding  to  the  well-known  statements  of 
Neumann,  which  have  been  generally  confirmed,  this  regularly  takes 
place  in  lymphatic  leukemia.  In  these  cases  large  portions  of  the 
bone-marrow  are  replaced  not  by  malignant  tumor  masses,  but  by  a 
tissue  incapable  of  exercising  irritative  effects  (such  as  those  described 
above)  on  the  remaining  myeloid  tissue.  To  this  circumstance  must  be 
ascribed  the  fact  that  in  these  very  cases  of  lymphatic  degeneration  of 
the  bone-marrow  the  distinguishing  symptoms  are  observed  in  their 
purest  form.^ 

The  most  important  data  are  obtained  from  a  study  of  acute  (lym- 
phatic) leukemia,  the  frequent  occurrence  of  which  was  first  emphasized 
by  Epstein,  while  the  disease  itself  has  recently  been  thoroughly  investi- 
gated by  A.  Friinkel.  Acute  leukemia  is  pre-eminently  suited  to  this 
purpose,  for  the  reason  that  the  abnormal  growth  of  lymphatic  tissue 
occurs  very  rapidly,  and  therefore  produces  a  rapid  and  uncomplicated 
abrogation  of  function  of  the  bone-marrow.  Under  its  influence  the 
neutrophile  elements  of  the  bone-marrow  disappear  so  rapidly  and 
sometimes  so  completely,  that  a  siugle  myelocyte  may  be  found  only 
after  a  long  search  (as  in  one  case  of  Ehrlieh's).  That  the  blood  must 
show  in  such  a  case  a  marked  diminution  in  the  absolute  number  of  the 
polynuclear  leukocytes,  is  evident  from  the  fact  that  these  cells  arise 
from  the  bone-niarrow,  and  this  being  destroyed,  no  more  can  appear 
in  the  blood. 

Dock  came  to  similar  conclusions,  and  explains  in  a  corresponding 
way  the  lack  of  neutrophile  cells  in  lymphatic  leukemia,  from  the 
replacement  of  the  myeloid  tissue  by  lymphatic  tissue. 

Lymphatic  leukemia  consequently  furnishes  a  striking  proof  that 
the  lymphocytes  represent  a  particular  variety  of  cells  with  no  relation 
to  the  polynuclear  cell.  It  is,  therefore,  decidedly  surprising  when 
A.  Friinkel,  after  a  critical  and  careful  examination  of  eight  cases  of 
acute  lymphatic  leukemia,  finds  in  them  grounds  for  the  assumption  that 
the  lymphocytes  go  over  into  polynuclear  cells.  This  can  be  explained 
only  by  the  confusion  created  by  Uskoff's  teaching  in  regard  to  the 

'  As  a  contrast  to  this  lymphatic  metamorphosis  of  the  bone-marrow  one  finds  in 
myelogenic  leukemia  a  myeloid  transformation  of  the  other  blood-making  organs,  par- 
ticularly the  lymph-glands,  which  is  characterized  by  the  presence  of  myelocytes,  eosino- 
philes,  and  nucleated  red  blood-corpuscles. 
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"young  cells."  The  authors  define  lymphocytosis  as  an  increase  of 
lymphocytes  in  the  blood  ;  Frankel  regards  it  in  UskoflP 's  sense  as  the 
appearance  of  the  young  forms  of  the  white  blood-corpuscles  in  the  blood. 
Following  this  out,  he  attributes  the  decrease  of  polynuclear  cells  in 
this  disease  to  ''  disturbance  of  the  conditions  necessary  for  the  trans- 
formation of  the  young  forms."  Still  if  the  lymphocytes  are  con- 
sidered young  forms  and  the  polynuclear  cells  older  stages,  the  true 
conditions  would  be  more  correctly  represented  if  we  spoke  in  lymphatic 
leukemia,  not  of  a  disturbance,  but  of  an  absolute  prevention  of  the 
process  of  maturation.  Yet  easy  as  it  is  to  picture  an  irritation  or 
injury  which  can  produce  a  hastening  of  the  normal  process,  in  other 
words,  a  premature  maturation,  it  is  very  difficult  to  conceive  of  condi- 
tions which  would  prevent  the  natural  maturing  of  the  elements.  The 
discovery  of  such  conditions  w^ould  be  epoch-making  for  both  biology 
and  therapy.  The  only  way  out  of  this  dilemma  would  be  to  assume 
a  premature  death  of  the  lymphocytes,  but  for  this  there  is  not 
the  slightest  evidence,  even  in  Friinkel's  monograph.  Frankel  makes 
the  difference  between  acute  and  chronic  leukemia  to  be  "■  that  in  the 
former  the  newly  formed  elements  are  thrown  off  from  their  place  of 
origin  into  the  circulation  with  such  extraordinary  rapidity  that  time 
is  wanting  for  complete  development,  while  in  chronic  leukemia  the 
transition  is  probably  much  slower."  This  explanation  is  plainly  con- 
tradictory to  the  facts,  since  there  are  chronic  forms  of  lymphatic 
leukemia  which  show  the  microscopic  picture  of  acute  leukemia.  The 
foundation  is  therefore  removed  from  Friinkel's  \^'hole  deduction. 
[The  view  of  those  who  believe  in  the  essential  unity  of  all  forms 
of  leukocytes  is  based  partly  upon  the  alleged  discovery  of  transi- 
tional cells,  and  partly  upon  the  occurrence  of  lymphemic  leukemia  in 
cases  in  which  the  bone-marrow  alone  has  been  found  diseased.  Further, 
it  is  contended  that  the  old  belief  in  the  lack  of  ameboid  move- 
ment on  the  part  of  the  lymphocytes  is  fallacious.  With  regard  to  the 
theories  of  the  origin  of  the  leukocytes,  Pappenheim  states  that  the 
large  lymphocyte  is  the  mother  cell  of  all  forms  of  leukocytes,  the 
characteristic  parenchymatous  cell  of  all  reticular  tissues,  and  therefore 
of  the  bone-marrow.  The  red  corpuscles  also  are  derivatives  of  these 
motlier  cells.  AVith  regard  to  the  role  of  the  bone-marrow  in  the 
production  of  lymphemic  conditions,  it  may  be  recalled  that  Arnold 
originally  pointed  out  that  the  bone-marrow  is  essentially  a  lymphoid 
structure.  This  fact  has  been  emphasized  by  a  number  of  later  writers 
who  have  been  concerned  with  the  myelogenic  origin  of  leukemia.  A 
considerable  series  of  cases  has  now  been  reported  from   various  places- 
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which  prove  beyond  question  the  possibility  of  a  purely  myelogenic 
acute  lymphocytic  leukemia. 

Saxer  regards  the  wandering  cell  of  the  tissues  as  the  parent  cell  of 
both  red  and  white  corpuscles.  The  production  of  the  corpuscles  is 
brought  about  by  several  generations  of  subdivision  and  diiferentiation 
of  the  primary  cell. 

Pappenheim,  who  believes  in  the  common  origin  of  the  red  and 
white  cells,  bases  his  conclusions  largely  on  theoretic  considerations,  as 
well  as  on  the  study  of  embryonal  and  adult  marrow.  He  claims  to 
have  discovered  all  kinds  of  transitional  stages  between  lymphocytes 
and  megalocytes  on  the  one  hand,  and  granular  leukocytes  on  the  other. 
The  origin  of  the  ditferent  series  of  cells  is  the  primitive  lymphoid 
cell,  from  which  the  diiferentiated  lymphocyte  of  the  circulation  is 
derived  and  can  not  be  further  transformed.  From  the  primitive 
lymphoid  cell,  however,  may  be  derived  hemoglobiniferous  cells  as  well 
as  the  granular  leukocytes. 

Grawitz  insists  that  the  large  mononuclear  form  is  the  mother  cell, 
and  he  designates  it  as  an  "  unripe  cell "  capable  of  differentiation 
into  a  basophile  cell  or,  by  neutrophile  transformation,  into  a  neutrophile 
myelocyte.  According  to  his  scheme  of  blood  formation,  all  of  the 
forms  of  red  and  white  corpuscles  are  derived  from  this  original  unripe 
cell.  Wolff,  who  insists  that  the  lymphocytes  can  not  be  differentiated 
from  granular  cells,  in  view  of  the  fact  that  granular  lymphocytes  have 
been  found  by  Michael  is  and  himself,  and,  further,  who  asserts  that  the 
lymphocytes  are  actively  motile,  and  that  active  lymphocytosis  occurs, 
states  that  the  original  leukocyte  is  an  "  indifferent  lymphoid "  cell ; 
this,  though  similar  to  the  ordinary  lymphocyte  morphologically,  is 
capable  of  differentiation,  and  the  lymphocyte  of  the  bone-marrow,  he 
states,  is  distinguishable  morphologically  from  the  ordinary  lymphocyte. 
Wolff,  however,  believes  that  in  post-embryonal  life  certain  parts  of 
the  blood-making  system  have  special  function  ;  thus  the  bone-marrow 
makes  granulocytes,  the  lymph-glands  lymphocytes,  and  the  spleen 
large  mononuclear  cells,  but  all  these  organs  contain  indifferent  lymphoid 
cells.  According  to  his  scheme,  all  forms  of  both  red  and  white  cor- 
puscles may  be  derived  from  the  indifferent  lymphoid  cell. — Ed.]  . 

DESCRIPTION  AND  SIGNIFICANCE   OF  THE   CELL-GRANULES. 

In  the  last  ten  years  histologic,  biologic,  and  clinical  investigations 
have  delved  deeper  and  deeper  with  continually  increasing  success 
into  the  question  of  the  significance  of  cell-granules.  Hematology 
in    particular    has   come   to   a  series    of   important    conclusions   which 
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could  have  been  reached  by  no  other  means.  It  appears  advisable, 
therefore,  to  detail  the  history,  the  methods,  and  the  results  of  these 
investigations. 

The  honor  of  first  calling  attention  to  the  great  significance  of  the 
granules,  and  of  reaching  practical  conclusions  by  a  systematic  investi- 
gation continued  through  years,  belongs  incontestably  to  Ehrlich.  It 
is  necessary  to  emphasize  this  because  Altmann  has  repeatedly  asserted 
the  opposite  in  spite  of  express  contradication.  After  Ehrlich  had 
absolutely  denied  Altmann's  pretensions  to  priority,  in  a  special  com- 
munication in  the  year  1891,'  Altmann,  in  a  second  edition  of  his 
Elementarorf/duismen,  appearing  in  1894,  repeats  that  he  was  first  to 
recognize  the  specific  significance  of  the  granules,  and  that  the  few 
investigators  who  had  observed  them,  considered  them  only  as  special 
and  occasional  appearances.  In  the  following,  therefore,  there  will  be 
mentioned  a  few  emphatic  points  from  Ehrlich's  work. 

One  of  the  first  publications  on  this  subject,  which  appeared  in 
1876,^  in  other  words,  ten  years  before  Altmann's  work,  shows  that 
Ehrlich  was  even  then  far  beyond  considering  the  granules  of  the 
cells  as  "  vereiuzelte  Erscheinungen,"  etc.  Moreover,  only  the  firm 
conviction  that  he  was  dealing  with  extremely  important  biologic  ele- 
ments could  cause  an  investigator  to  devote  ten  years  of  his  princi})al 
work  to  this  subject. 

In  the  place  mentioned  one  reads  :  "  In  the  description  of  cellular 
pictures  the  word  '  granulated  '  has  been  employed  since  the  beginning 
of  histology.  This  expression  is  not  very  felicitous,  since  many  circum- 
stances may  produce  the  appearance  of  granulation  of  the  protoplasm. 
For  instance,  modern  methods  have  shown  that  many  elements,  pre- 
viously described  as  granular,  give  this  impression  only  on  account  of  a 
net-like  protoplasmic  stroma.  It  is,  moreover,  improper  to  designate 
as  granular  those  cells  in  which  granular  albuminous  precipitates  arise 
either  spontaneously  or  by  rigor  or  under  the  influence  of  certain 
reagents  (alcohol),  since  this  term  must  be  reserved  for  intra  vitam 
deposits  which  are  chemically  diiferentiated  from  the  normal  albumin 
of  the  cell.  Only  a  few  of  these  granules,  like  fat  and  pigment,  are 
readily  recognized.  By  far  the  greater  number  are  little,  if  at  all, 
characterized  by  our  j^resent  methods.  The  majority  of  investigators 
are  content,  therefore,  to  determine  the  presence  of  the  granules  in 
certain  cells,  and  according  to  whether  they  were  more  or  less  refractive 
describe  them  as  fat-drops  or  albumin. 

'  For  the  histoiy  of  the  granules,  see  Ehrlich's  Farbenanalytische  Uvtersuchungen, 
xii.,  p.  134.  *  Ibid.,  pp.  5  and  6. 
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"  Previous  experience,  especially  with  mast-cells,  led  me  to  suspect 
that  these  granules  irresponsive  to  chemic  investigation,  would  become 
recognizable  on  staining — /.  e.,  by  their  behavior  toward  certain  dyes. 
Further,  I  found  that  these  granules  could  be  so  characterized,  and  was 
able  to  folloAV  them  through  diiferent  animals  and  organs.  I  was  like- 
wise able  to  demonstrate  that  certain  of  the  granules  occurred  only  in 
very  definite  cells,  and  that  they  characterized  these  cells  as  pigment 
characterizes  pigment-cells — glycogen,  cartilage-cells  (Neumann),  etc. 
Just  as  in  the  differentiation  of  the  proteiform  mast-cells,  our  criterion 
is  the  staining  of  the  granulations  by  dahlia,  which  is  a  raicrochemic 
reaction,  so  we  succeeded  in  separating  by  their  staining  properties  other 
granular  cells,  impossible  to  diiferentiate  morphologically,  into  several 
readily  defined  subclasses.  On  account  of  their  difFerential  character- 
istics, I  would  propose  designating  these  granules  sj^ecifie  granules. 

"  The  examination  was  made  in  the  way  proposed  by  Koch,  as  fol- 
lows :  the  fluids  (blood)  or  the  parenchyma  of  an  organ  (bone-marrow, 
spleen,  etc.)  were  spread  out  in  the  thinnest  possible  layer  on  cover- 
glasses,  dried  at  the  room  temperature  and  stained  after  a  varying 
period.  I  chose  this  somewhat  rough  method  with  the  idea  that  all 
substances  which,  like  water  or  alcohol,  could  act  as  solvents,  or  like 
osmic  acid  as  an  oxidizing  agent,  should  be  avoided  in  the  histologic 
study  of  new  granulations  (fearing  new  chemic  combinations),  and  that 
one  should  employ  only  procedures  such  as  simple  drying,  which  would 
as  far  as  possible,  leave  unaltered,  the  chemic  properties." 

A  further  advance  in  this  very  difficult  subject  of  histology  was 
possible  only  through  a  careful  study  of  staining  methods  and  the  rela- 
tions which  exist  between  chemic  constitution  and  the  power  of  staining. 
The  sharp  differentiation  of  acid,  basic  and  neutral  stains,  and  the  cor- 
responding oxyphile,  basophile,  and  neutrophile  granulations,  undiscov- 
ered in  all  previous  work,  was  the  first  result  of  this  investigation. 
It  naturally  required  combinations  repeated  hundreds  of  times  to 
produce  the  iriacid  solution,  which,  in  its  original  form  or  slightly 
modified,  continues  to  play  a  prominent  role  in  histologic  study. 

The  separation  of  the  cell-granules  of  the  blood  according  to  their 
different  chemic  affinities  furnishes  even  to-day  the  most  available 
classification  of  leukocytes.  Ehrlich  insisted  from  the  beginning  that 
different  varieties  of  cells  possess  different  granules  which  can  be  differ- 
entiated not  only  by  their  behavior  to  stains,  but  likewise  by  their 
reaction  toward  solvents. 

Exactly  in  this  regard  Altmann's  method,  which  makes  use  of  a 
complicated  hardening  process  and  one  single  stain,   is  a  retrograde 
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step,  since  it  is  apt  to  conceal  the  specific  peculiarity  of  the  granula- 
tion. 

A  further  disadvantage  of  Altmann's  method  of  hardening  is  that 
albuminous  substances  in  the  cells  are  precipitated  as  round  granules 
which  stain  under  the  subsequent  treatment.  It  is  therefore  exceed- 
ingly diificult  to  differentiate  what  was  preformed  and  what  is  artefact. 
Since  the  publication  of  A.  Fischer's  investigation,  in  which  granular 
artificial  products  were  experimentally  produced  by  the  action  of  dif- 
ferent reagents,  doubt  has  arisen  as  to  the  reality  of  Altmann's  pictures. 
In  contrast  to  this  the  drying  method  employed  by  Ehrlich  is  absolutely 
unobjectionable.  Granules  can  not  be  artificially  produced  by  drying, 
and  the  stained  pictures  correspond  exactly  with  what  is  seen  in  the 
fresh  living  blood.  Moreover,  the  greatest  value  of  the  dry  method 
lies  in  the  fact  that  the  chemic  nature  of  the  different  granules  is  pre- 
served, and,  therefore,  the  chemic  tests  are  made  on  objects  almost 
entirely  unchanged.^ 

Another  method  of  studying  the  nature  of  the  granules  depends  on 
the  principle  of  vital  staining.  The  first  attempts  to  stain  granules  in 
the  living  animal  were  incited  by  Ehrlich's  "  vital  methylene-blne 
staining,"  which  has  attained  such  great  importance,  especially  in 
neurology.  One  of  the  first  publications  on  this  subject  was  that  of 
O.  Schultze,  who  placed  the  larvse  of  frogs  in  thin  methylene-blue  solu- 
tion, and  after  a  short  time  found  a  blue  staining  of  the  granules, 
also  of  the  intestine  in  particular,  of  the  red  blood-corpuscles  and 
other  cells.  Still  this  method,  as  shown  by  Ehrlich,  in  his  methylene- 
blue  studies,  is  not  entirely  unobjectionable  inasmuch  as  the  continued 
action  of  methylene-blue  frequently  produces  granular  precipitates 
which  may  be  confused  Avith  preformed  granules.  Teichmann's  thorough 
investigations  were  directed  to  this  point,  and  he  designates  the  majority 
of  the  granules  described  by  Schultze  as  artefacts. 

The  most  suitable  dye  for  the  study  of  the  vital  staining  of  granules 
is  neutral  red,  recommended  by  Ehrlich,  and  employed  with  good  re- 
sults by  Przesmycki,  Prowazek,  S.  Mayer,  Solger,  Friedmann,  Pappeu- 
heim,  and  others.  This  dye,  made  by  O.  N.  Whitt,  from  nitrosodi- 
methylanalin  and  metatoluylendiarain,  is  the  hydrochloric  acid  salt  of  a 
basic  dye  which  dissolves  in  pure  water  with  a  fuchsin-red  color,  and  in 
weak  alkaline  solutions — the  alkalinity  of  spring  water  is  sufficient — 
with  a  yellowish  orange. 

Neutral   red  is  characterized  by  a  great  affinity  for  the  majority  of 

'  Altmann's  ficezing  process  correspontls  to  the  recjuirements  demanded  by  Ehrlich. 
Still  its  technical  difGculties  are  so  great  that  it  has  so  far  met  with  no  general  approval. 
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granules.  Even  in  certain  plant-cells  Ebrlich  succeeded  in  demon- 
strating the  granules  by  means  of  this  stain.  Its  employment  is  most 
simple,  namely,  in  the  higher  animals  by  subcutaneous  or  intravenous 
injection,  or  even  feeding ;  while  in  the  case  of  the  larvse  of  frogs  and 
invertebrates  it  is  frequently  sufficient  to  allow  them  to  swim  in  a  dilute 
solution.  The  stain  also  succeeds  in  organs  that  survive  the  death  of 
the  organism.  This  is  best  accomplished  by  placing  small  pieces  in 
physiologic  salt  solution  to  which  a  trace  of  neutral  red  has  been  added, 
and  allowing  them  to  remain  there  for  a  short  time  exposed  to  the  open 
air.    When  the  object  is  macroscopically  red,  it  is  ready  for  examination. 

The  best  results  are  naturally  obtained  in  organs  whicli  are  readily 
teased — e.  g.,  the  eggs  of  flies  and  the  Malpighian  canals  of  insects. 
The  stain  should  be  so  prepared  that  a  very  long  time  is  not  required  for 
its  action,  and  a  very  high  concentration  must  likewise  be  avoided.  A 
dilution  of  about  ]  :  50,000  to  1  :  100,000  is  most  suitable  in  order 
that  the  nucleus  may  remain  unstained.  The  endeavor  is  to  obtain 
pictures  in  which  the  granules  alone  are  stained,  while  protoplasm  and 
nucleus  remain  unstained.  Artefacts  can  not  be  entirely  excluded  ;  in 
plant  cells  containing  tannin  they  are  due  to  the  formation  and  precipi- 
tation of  tannic  acid  salts  of  the  dye.  In  individual  cases,  however,  it 
is  not  difficult  for  the  experienced  to  recognize  the  artificial  products  as 
such.  The  appearance  of  the  granules,  their  typical  distribution,  their 
likeness  to  those  of  neighboring  cells,  the  combination  of  different 
methods,  the  comparison  of  the  same  object  in  pure  vital  and  survival 
staining,  render  the  diagnosis  easy  and  prevent  error. 

The  majority  of  granules  in  vertebrates  are  stained  orange-red  by 
the  neutral  red,  corresponding  to  the  faint  alkalinity  present.  Much 
more  rarely  granules  are  seen,  which  stain  a  pure  fucusin  red,  and 
which  therefore  must  possess  a  faint  acid  reaction. 

As  a  valuable  addition  to  the  neutral  red  method  combination  stain- 
ing is  to  recommended.  Ebrlich  employed,  for  instance,  for  the  larvae 
of  frogs,  a  neutral  red  solution  to  which  a  trace  of  methylene-blue  had 
been  added,  and  found  red  granules  almost  exclusively,  the  granules  of 
the  unstriped  muscle  of  the  intestine  alone  staining  intensely  blue.  By 
the  aid  of  a  triple  combination  Ehrlich  obtained  further  points  of  differ- 
entiation in  the  living  cell-granules.  There  can  be  no  question  that  a 
thorough  study  of  this  neutral  red  method  will  lead  to  further  impor- 
tant conclusions  as  to  the  nature  and  function  of  the  granules  in  the 
problem  of  coil-life.  Even  the  information  gleaned  uj)  to  the  present 
has  furnished  definite,  well-grounded  facts  in  regard  to  the  biologic 
significance  of  the  cell-granuk's. 
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In  his  first  publication,  Ehrlich  described  the  granules  as  mdaholic 
products  of  the  cell  deposited  in  a  solid  form,  some  of  which  were 
intended  as  reserve  material,  others  were  to  be  excreted  from  the 
cell.  Later  he  rejected  this  view  for  a  time  on  account  of  certain  ob- 
servations in  liver-cells,  thoroughly  described  in  the  well-known  work 
of  Frerich  (1883,  p.  43).  Ehrlich  demonstrated  that  in  dry  prepara- 
tions of  a  rabbit's  liver  which  contained  considerable  glycogen  the  liver- 
cells  appeared  as  large  polygonal  elements  of  uniform  homogeneous 
brown  color  limited  at  the  periphery  by  a  thin,  sharp,  pure  yellow 
membrane.  In  cells  containing  less  glycogen  round  pure  yellowish 
particles,  evidently  of  protoplasmic  nature,  were  found  dejiosited  in 
the  homoo^cneous  glvcogen  brown  contents  of  the  cell.  "  On  staining, 
it  was  seen  that  the  general  hyaline  part  of  the  cell  which  contained 
the  glycogen,  remained  unaffected,  while  the  membrane  and  the  granules 
present  stained  with  all  possible  dyes.  Moreover,  the  membrane  could 
be  chemically  differentiated  from  the  granules  in  that  with  eosin-auran- 
tia-indulin-glycerin  the  membrane  stained  black,  the  granules  reddish 
orange." 

From  these  observations  Ehrlich  then  concluded  "  that  in  the  digfest- 
ing  liver  the  cells  possess  a  small  protoplasmic  membrane  and  homo- 
geneous contents  containing  glycogen  in  which  the  nucleus  and  the  rounrf 
(functionating  ?)  granules  of  the  ])rotoplasm  are  deposited. 

"  If  WQ  compare  these  results  with  those  determined  by  recent  in- 
vestigation, the  position  of  the  glycogen  is  evident.  Kupffer  found — 
and  this  is  now  acknowledged  as  a  generally  applicable  law — that  the 
contents  of  the  liver-cells  do  not  represent  a  microscopically  homogene- 
ous substance.  In  cells  in  which  he  preserved  life  he  found  near  the 
nucleus  two  substances  readily  differentiated  from  one  another,  namely, 
a  hyaline  ground-substance  imbedded  in  a  smaller  amount  of  a  finely 
granular  fibrillar  substance.  Kupffer  called  the  first  paraplasm,  the 
second  protoplasm.  On  heating  to  about  22°  C,  an  evident  though 
sluggish  movement  appeared  in  the  network.  It  can  not  be  doubted 
that  the  granular  network  (the  protoplasm)  is  the  more  important,  and 
the  assumption  is  warranted  that  in  the  granulation  of  this  network  the 
seat  of  specific  cell  function  will  be  found.  In  any  case  it  is  advisable 
that  these  granules  found  in  the  liver-cell  in  the  form  of  distinct  round 
or  oval  bodies,  which  stain  yellow  with  iodin  and  are  likewise  readily 
stained  by  other  methods,  be  described  by  a  special  name,  for  instance, 
microsomes  (Hanstein)." 

It  was  necessary  to  quote  this  previous  work  so  extensively  in  order 
to  demonstrate  that  Ehrlich,  as  far  back  as  1883,  described  the  granules 
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as  the  specific  carriers  of  the  cell  function,  a  view  which  many  years 
later  Altmann  advocated  under  the  name  "  bioblastic  theory."  More- 
over, it  contradicts  Altmaun's  repeated  assertion  that  he  was  the  first 
to  attribute  such  importance  to  these  granules. 

The  significance  attributed  by  Altmann  to  the  granules  which  he 
described  as  "  ozonophores "  is  apparent  from  his  own  words  (p.  39, 
last  edition,  Die  Elementarorganismen). 

"  In  the  ozonophores,  therefore,  we  have  elements  capable  of  replac- 
ing the  living  protoplasm,  at  least  as  far  as  its  vegetable  function  is  con- 
cerned, and  of  serving  as  a  foundation  for  the  many  processes  of  organic 
metabolism.  Considering  again  the  properties  of  the  ozonophores  in 
brief,  they  are  capable  of  both  reduction  and  oxidation  by  means  of  the 
transference  of  oxygen  and  of  thus  effecting  the  decomposition  and 
combination  of  bodies,  without  losing  their  own  individuality." 

In  the  meantime  Ehrlich  had  made  various  observations  which  did 
not  accord  with  his  earlier  hypotheses  and  Altmann's  far-fetched  con- 
clusions. Investigations  in  regard  to  the  oxygen  requirements  of  the 
organism  especially  showed  him  that  the  "  ozonophores "  could  not  be 
an  integral  constituent  of  the  cell.  In  support  of  this  he  adduced  the 
fact  that  cells  normally  occur  in  which  with  our  present  methods  no 
granules  can  be  found.  Finally,  a  pathologic  observation  sliowed  it  to 
be  impossible  that  the  granules  could  be  the  carriers  of  the  cell  function. 
In  the  examination  of  a  case  of  pernicious  anemia  (see  Farbenanalyt- 
ische  Untersuchungerij  Ehrlich  found  the  polynuclear  cells  of  the  blood 
and  the  bone-marrow,  as  well  as  their  primary  stages,  free  from  neutro- 
philic granulation.  Upon  this  discovery  Ehrlich  returned  to  his  original 
opinion  that  the  granules  are  secretory  products  of  the  cells,  and  defined 
his  position  in  the  following  words  : 

"If  the  neutrophile  granulations,  as  Altmann  assumes,  actually 
represent  elements  which  furnish  the  cell  with  oxygen,  such  an  occur- 
rence as  that  just  described  would  be  impossible  for  the  reason  that  with 
the  disappearance  of  the  granules  the  cell  would  necessarily  die;  however, 
from  the  standpoint  of  the  secretory  theory  this  finding  is  readily  ex- 
j)lained  ;  for  just  as  under  certain  circumstances  the  fat-cells  may  lose 
their  contents  without  dying,  the  bono-marrow  cells  may  occasionally 
be  unable  to  form  neutrophile  granulations  when  the  blood  does  not 
deliver  the  necessary  material,  and  they  may  consequently  be  transformed 
into  non-granular  cells." 

The  theory  that  the  granules  are  peculiar  metabolic  products  of 
cellular  activity  is  supported  by  their  chemic;  differences.  Ehrlich 
remarked  this  especially  in  the  blood-cells,  in  which  the  granules  can  be 
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differentiated  not  only  by  their  reaction  to  stains,  but  also  by  their  form 
and  sohibihty. 

[As  far  as  this  controversy  is  concerned,  it  appears  that  Altmann 
has  consistently  defended  his  original  proposition,  that  the  granules  are 
primitive  anatomic  constituents  of  the  cell,  while  Ehrlich's  view  has 
undergone  some  change  as  is  here  detailed. — Ed.] 

Moreover,  while  the  majority  of  granules  show  a  more  or  less  round 
form,  we  find  them  in  some  species  of  animals,  for  instance,  birds,  char- 
acterized by  a  pronounced  crystalline  form  and  marked  oxyphilia.  Even 
the  substance  contained  in  the  mast-cell  granulations  of  some  species  of 
animals  shows  a  crystalline  shape. 

The  size  of  the  individual  specific  granules  is  definite  for  every 
species  of  animal  with  the  exception  of  those  in  the  mast-cells.  The 
eosinophile  granulations,  for  instance,  attain  their  greatest  size  in  horses, 
where  true  giant  forms  are  seen. 

Granular  white  blood-cells  have  been  demonstrated  in  the  most 
different  species  of  animals,  even  the  invertebrates,  especially  the  lamelli- 
branchiatae,  the  polychetse,  the  pedatse,  the  tunicatae,  the  cephalopodes, 
as  Knoll  has  shown.  ■• 

Numerous  and  accurate  investigations  have  been  made  especially  on 
the  higher  vertebrates.  Tliere  are  recognized,  for  instance,  in  birds,  two 
oxyphilic  granules,  one  deposited  in  crystal  form,  the  other  in  the  ordinary 
granular  form.  Among  the  mammalia  the  majority  of  animals  examined 
showed  a  granular  polynuclear  cell,  and  very  recently  Hirschfeld  devoted 
a  special  investigation  to  this  subject.  Among  other  important  details, 
he  found  neutrophile  granules  in  the  polynuclear  cells  of  all  animals 
examined  except  tlie  white  mouse. 

The  investigations  of  Dr.  Franz  Miiller,  made  some  years  ago  in 
Ehrli(;h's  laboratory,  show  that  this  assertion  of  Hirschfeld's  is  not  to 
be  relied  upon.  After  many  painstaking  efforts  Miiller  succeeded  in 
finding  a  method  (which  he  has  described)  by  means  of  which  numer- 
ous though  very  fine  granules  were  discovered  in  the  polynuclear  cells 
of  the  mouse.  This  instance  shows  that  the  absence  of  granules  can 
not  be  assumed  from  the  failure  of  the  ordinary  staining  methods. 
A  universal  method  is  no  more  applicable  to  all  granules  than  to  all 
varieties  of  bacteria.  Consequently  granules  consisting  of  readily 
soluble  substances  may  apparently  disa})pear  under  the  ordinary  triacid 
method  and  delude  the  observer  by  a  homogeneous  cell-production. 

[It  may  l)e  asked  whether  this  fact  has  been  sufficiently  considered 
in  coimectioii  with  instances  lii<e  Elu'lich's  case  of  pernicious  anemia  in 
which  non-granular  polymorphonuclear  cells  were  found. — Ed.] 
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Naturally  this  explanation  does  not  deny  the  occurrence  of  non- 
granular polynuclear  cells  in  certain  species  of  animals.  That  granular 
and  non-granular  polynuclear  cells  are  found,  for  instance,  in  dogs,  is 
granted  by  Hirschfeld,  and  he  draws  from  this  fact  the  broadest  conclu- 
sion as  to  the  significance  of  the  granules.  Still,  on  the  ground  of 
Kurloff's  work  (see  p.  73),  we  must  insist  that  there  is  no  proof  that 
the  non-granular  polynuclear  cells  are  identical  with  the  granular  ones. 
It  has  been  shown  by  Kurloff,  at  least  in  the  case  of  guinea-pigs'  blood, 
that  these  two  elements  are  sharply  separated  from  one  another  and  have 
an  entirely  different  genesis. 

An  important  fact  in  regard  to  the  nature  of  the  granules  is  that 
they  are  found,  in  general,  in  all  species  of  animals  only  in  the  cells 
of  the  blood  which  are  capable  of  motility.  That  a  certain  nutritive 
function  is  therefore  to  be  attributed  to  the  granules,  can  scarcely  be 
doubted,  since  it  is  naturally  cells  containing  considerable  reserve 
matter  that  would  be  especially  adapted  for  this  purpose.  Moreover, 
the  lymphocytes  which  lack  the  faculty  of  emigration  are  also  almost 
entirely  lacking  in  specific  granulations. 

A  further  proof  that  the  granules  stand  in  relation  to  a  specific 
activity  on  the  part  of  the  cell  lies  in  the  fact  that  a  cell  invariably 
contains  only  one  variety  of  gramilation.  The  contrary  assertion,  that 
neutrophile  and  eosinophile  or  eosinophile  and  mast-cell  granulations 
occur  in  one  and  the  same  cell,  is  denied  by  Ehrlich  on  the  ground  of 
extensive  observations  directed  especially  to  this  subject.  Nor  has  he 
ever  seen  the  transition  of  a  pseudo-eosinophile  cell  of  a  rabbit  into  a 
true  eosinophile.^ 

That  such  a  transition  does  not  take  place  is  most  readily  proved  by 
the  fact  that  the  different  granulations  behave  differently  to  solvents. 
By  the  aid  of  acids,  for  instance,  the  pseudo-eosinophile  granules  may 
be  extracted  from  the  cells,  while  the  eosinophile  remain  intact  and 
can  be  stained  separately  from  the  pseudo-eosinophiles. 

The  most  evident  proof  that  the  neutrophile,  eosinophile,  and  mast- 
cells   are   separable  from   one   another   by  original    differences   in   their 

'  The  varied  staining  of  the  gi-anules  at  different  stages  of  development,  discussed  on 
p.  87,  has  given  rise  to  this  misunderstanding.  How  little  staining  properties  alone  can 
be  taken  as  a  criterion  to  determine  the  chemic  identity  of  granules,  is  at  once  evident 
on  considei-ing  the  granules  of  other  organs.  No  one  would  say,  for  instance,  that 
a  liver-,  muscle-,  or  brain-cell  could  secrete  pancreatin  sitnjily  because  with  diflcront 
methods  of  staining  the  granules  of  the  pancreas  stain  similarly  to  tliese  cells.  We 
wish,  therefore,  to  insist  exjjressly  that  we  assume  a  similarity  of  character  from  tlie 
variety  of  granulation  only  in  the  case  of  the  blood-cells  wliicb  have  a  comparatively 
simple  function,  while  we  acknowledge  that  in  highly  complicated  glandular  cells  wliich 
perform  different  functions  simultaneously,  several  kinds  of  granules  may  be  j»resent. 
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protoplasm,  of  which  the  granulations  represent  only  one  factor,  is 
found  in  the  study  of  the  different  forms  of  leukocytosis.  Here  we 
find,  as  will  be  more  thoroughly  discussed  in  the  next  chapter,  that  the 
neutrophile  and  eosinophile  leukocytes  act  very  differently  in  regard  to 
chemotactic  irritation.  The  substances  which  act  in  a  positive  or 
negative  chemotactic  manner  on  one  gnjup  of  cells,  as  a  rule,  prove 
indifferent  to,  or  have  a  reverse  action  on  other  groups.  In  this  regard 
the  difference  between  the  mast-cells  and  the  other  two  varieties  is 
most  striking,  for,  as  far  as  investigations  extend,  they  are  not  at  all 
influenced  by  substances  acting  chemotactically  on  the  neutrophiles  or 
eosinophiles. 

Corresponding  to  the  character  of  the  granules  as  specific  secretions 
of  the  cell,  the  different  forms  must  be  sharply  differentiated  from  one 
another  in  their  chemic  properties.  The  granules  of  the  blood-cor- 
puscles appear  to  be  of  a  relatively  simple  chemic  composition.  At  least, 
we  have  grounds  for  the  assumption  that  the  crystalline  granulations 
usually  consist  of  a  single  substance  wliich  seems  to  be  a  relatively 
simple  body,  somewhat  similar  to  guanin,  fat,  melanin,  etc.  The  other 
granules  certainly  have  a  more  complex  composition,  and  sometimes 
consist  of  a  mixture  of  different  chemic  substances.  The  most  com- 
plicated granules  in  the  blood  are  undoubtedly  the  eosinophiles,  and,  as 
previously  described,  they  also  show  a  higher  histologic  structure  in 
that  we  can  differentiate  an  evident  })eripheral  marginal  layer  and  a 
central  ]>art.  We  may  mention  that,  according  to  Barker,  the  eosino- 
phile granulations  seem  to  contain  iron. 

The  keystone  of  the  hypothesis  of  the  secretory  nature  of  the 
granules  would  be  furnished  only  by  direct  observation  of  the  secretory 
process  itself.  Such  investigations  are  naturally  extremely  difficult, 
inasmuch  as  a  series  of  fortunate  coincidences  would  be  essential  to  the 
study  of  the  steps  of  the  process. 

For  such  investigations  the  mast-cells  are  especially  adapted,  since 
their  specific  granules  are  sharply  characterized  by  a  peculiar  metachro- 
matic stain  and  such  a  marked  affinity  to  basic  dyes,  that  they  remain 
stained  even  after  the  preparation  has  been  almost  completly  decolor- 
ized. As  a  matter  of  fact,  we  not  infrequently  find  conditions  in  the 
mast-cells  attributable  only  to  such  secretory  j^rocesses. 

In  the  first  jilace,  we  sometimes  see  the  granulations  dissolve  in  the 
protoplasm,  and  in  this  dissolved  condition  diffuse  throughout  the 
nucleus.  In  place  of  the  colorless  nucleus  surrounded  by  the  intensely 
stained  metachromatic  granulations  ordinarily  seen  in  the  mast-cell 
(see  p.  68),  a  markedly  stained  nucleus,  of  the  same  color  as  the  granu- 
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lations,  is  found  surrounded  by  a  protoplasm  which  shows  only  traces 
of  the  granules. 

The  occurrence  of  a  peculiar  ring  in  the  mast-cell  noted  by  different 
observers  is  still  more  convincing.  Ehrlich  first  described  this  area  in 
his  book  on  the  oxygen  requirement  of  the  organism.  A  few  years 
ago  Unna,  unaware  of  Ehrlich's  discovery,  described  an  analogous 
finding  as  follows  :  "  With  the  new  mast-cell  stain  (polychrome  methy- 
lene^blue,  glycerin,  ether  mixture)  the  mast-cells  were  found  in  a  few 
instances  in  the  same  case  more  than  double  as  large  as  ordinarily,  owing 
to  the  staining  of  a  large  round  area  in  the  center  of  which  lay  the 
well-known  mast-cell,  consisting  of  a  blue  nucleus  surrounded  by  deep- 
red  granulations.  Stronger  powers  showed  that  although  this  area 
was  exactly  of  the  same  red  color  as  the  granulations,  it  was  not 
granular  but  finely  spongy.  We  had  to  do,  therefore,  with  a  spongio- 
plasm  peculiar  to  these  mast-cells." 

The  appearance  described  by  Unna  in  these  mast-cells  can  be  pro- 
duced artificially  by  leaving  the  preparations  stained  with  oxonin  (the 
oxygen-containing  analogue  of  thionin)  a  short  time  in  levulose  syrup 
or  in  watery  glycerin.  By  this  means  a  portion  of  the  stained  mast- 
cell  is  dissolved  though  retained  about  it.  Still  since  Unna  has  had 
extensive  experience,  especially  in  regard  to  mast-cells  and  their 
methods  of  staining,  we  must  assume  that  the  area  described  by  him 
was  preformed  and  did  not  arise  in  the  preparation. 

We  must  conclude,  therefore,  that  an  analogous  process  can  occur 
during  life,  when  this  area  would  represent  a  vital  secretion  of  the 
specific  mast-cell  substance.^ 

A  discovery  made  by  Prus  in  the  so-called  purpura  of  horses  is 
likewise  to  l)e  explained  as  a  secretory  process  of  the  mast-cells.  He 
described  hemorrhagic  foci  in  the  intestinal  walls  containing  young 
mast-cells  which  showed  at  their  periphery  formations  which  were  dif- 
ferentiated by  staining  from  any  ordinarily  seen  in  mast-cells,  yet  from 
their  shape  and  position  it  was  evident  that  they  had  arisen  in  the 
mast-cells.  Prus,  therefore,  came  to  the  conclusion  "  that  the  degener- 
ating young  mast-cells  secrete  a  fluid  or  half-fluid  substance  which  as 
a  rule  coagulates  on  reaching  the  surface,  though  rarely  within  the 
cell."  . 

'  Diirinnj  correction  of  the  proofs  the  wi-iter  obtained  information  of  Calleja's  work  on 
the  mast-cells,  from  which  it  appears  that  S.  Rayinon  Cajal  recognized  the  halo  of  the 
mast-cells  and  explained  it  in  the  way  just  indicated.  Calleja  also  describes  this  halo,  as 
well  its  the  methods  for  demonstrating  it  (staining  with  thionin  and  the  preservation  of 
the  section  in  glycerin).  Still,  from  what  has  been  said,  the  writer  can  not  admit  that 
this  method  is  suitable  for  the  demonstration  of  tlie  preformed  halo. 
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Moreover,  observations  have  occasionally  been  made  on  polynuclear 
neutrophile  and  eosinopbile  cells  which  indicate  that  the  granular  sub- 
stance may  be  excreted  exteriorly.  Haukin,  for  instance,  found  in  the 
blood  of  rabbits  in  which  he  had  produced  an  experimental  leukocytosis 
an  evident  progressive  decrease  of  the  (pseudo-)  eosinophile  granules 
when  he  left  the  preparations  some  time  in  the  thermostat.  Moreover, 
in  cases  of  suppuration  in  man,  especially  in  old  abscesses  (Janowski), 
we  find  a  diminution  of  the  polynuclear  neutrophile  granules,  even  to 
their  entire  disappearance,  which  is  to  be  explained  only  by  the  excre- 
tion of  the  granules. 

All  these  facts  and  considerations  lead,  therefore,  to  the  conclusion 
that  the  wandering  cells  are  generally  capable  of  excreting  the  granules. 
This  is  perhaps  one  of  the  most  important  functions  of  the  polynuclear 
leukocytes. 

LEUKOCYTOSIS. 

The  problem  of  leukocytosis  is  one  of  the  most  actively  discussed  in 
modern  medicine.  An  exhaustive  description  of  the  work  devoted  to 
it,  the  methods  employed,  and  the  conclusions,  would  alone  fill  a  volume, 
and  would  far  exceed  the  limits  of  a  treatise  on  blood  diseases.  We  can, 
therefore,  only  mention  in  brief,  the  principal  views  and  go  into  detail 
only  in  regard  to  purely  hematologic  questions. 

Virchow  designated  as  "  leukocytosis "  the  transitory  increase  of 
leukocytes  in  the  blood  which  he  demonstrated  in  a  large  number  of 
histologic  and  pathologic  conditions.  Following  him,  special  attention 
was  paid  to  its  occurrence  in  infectious  diseases,  and  to  these  investiga- 
tions during  the  last  fifteen  years  we  owe  the  most  important  conclusions 
as  to  the  biologic  significance  of  this  symptom.  The  greatest 
credit  is  due  to  Metschnikoff  for  his  effective  pioneer  work  in  the 
theory  of  phagocytosis,  and  though  this  theory  has  been  demolished  in 
many  of  its  important  details,  it  incited  much  of  the  investigation  done 
on  the  subject  generally. 

To  indicate  Metschnikoff's  teaching  by  a  few  strokes  requires  only  a 
paraphrasing  of  the  pregnant  word  "  phagocyte,  scavenger  cell."  This 
word  alone  makes  the  theory  evident,  namely,  that  the  leukocytes  pro- 
tect the  body  from  injurious  micro-organisms  by  taking  them  up,  and 
thus  preventing  further  action.  The  occurrence  of  an  infectious  disease, 
therefore,  depends  on  whether  a  sufficient  number  of  leukocytes  are 
present  in  the  blood  to  correspond  to  the  invading  bacteria. 

This  theory  of  Metschnikoff  underwent  decided  modifications  on 
further  investigation.  Denys,  Buchncr,  Martin  Hahn,  Goldscheider 
and  Jacob,  Lowy  and  Richter,  and  many  others  have  demonstrated  that 
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the  most  important  weapons  of  the  leukocytes  are  not  their  pseudopodia, 
by  which  they  mechanically  take  up  the  bacteria,  but  rather  the  chemic 
products  ("  alexins,"  Buchner)  which  they  excrete.  These  excretory 
products  are  antitoxic  or  bactericidal  in  action,  and  paralyze  the  toxins 
produced  by  the  bacteria,  thus  rendering  the  invaders  innocuous  by  the 
destruction  of  their  weapons,  even  when  they  do  not  destroy  the  organ- 
isms themselves. 

The  fact  that  the  leukocytes  are  almost  always  increased  in  the  blood 
in  bacterial  diseases  corresponds  to  the  chemic  as  well  as  the  phagocytic 
theory  of  leukocytosis  on  the  principle  of  chemotaxis  discovered  by 
Pfeifer.  For  according  to  this  the  bacteria  or  their  metabolic  products 
are  capable  of  attracting  by  chemic  irritation  the  cells  stored  in  the 
blood-making  organs  ("  positive  chemotaxis ").  In  cases  in  which  a 
diminished  number  of  leukocytes  is  found  in  the  blood,  we  see  the  result 
of  a  repulsion  of  the  cells,  "  negative  chemotaxis." 

On  the  farther  experimental  investigation  of  leukocytosis,  after 
learning  that  it  could  be  produced  by  the  injection  of  different  chemic 
substances  (bacterial  proteins,  albumoses,  organic  extracts,  etc.),  it  was 
found  that  its  explanation  on  the  theory  of  chemotaxis  was  by  no 
means  complete.  Lowit,  for  instance,  showed  that  on  the  introduction 
of  these  sul^stances  two  different  stages  w^ere  to  be  differentiated  :  First, 
a  stage  in  which  the  leukocytes  were  diminished  ("  leukopenia,"  Lowit), 
this  diminution  affecting  only  the  polynuclear  cells,  while  the  lympho- 
cytes remained  normal ;  following  this,  a  stage  in  which  the  white  blood- 
corpuscles  were  increased,  this  increase  being  likewise  limited  to  the 
polynuclear  cells,  making  a  polynuclear  leukocytosis.  This  seemed  to 
indicate  that  during  the  first  period  there  is  a  destruction  of  white  blood- 
corpuscles,  and  that  it  is  the  soluble  products  of  these  which  act  chemo- 
tactically  in  causing  the  outwandering  of  new  leukocytes.  To  this 
theory  new  objections  arose. 

Goldscheider  and  Jacob  especially  proved  on  careful  experiment  that 
the  transitory  leukopenia  of  the  blood  is  not  a  true,  but  only  an  appar- 
ent one,  produced  by  an  altered  distribution  of  the  white  blood-corpus- 
cles witliin  the  vessels  ;  and  that  while  the  peripheral  vessels  from  which 
the  blood  is  generally  taken,  show  a  diminution  of  leukocytes,  "  hi/po- 
Icukocytosis,"  the  capillaries  of  the  internal  organs,  especially  those  of 
the  lungs,  show  an  outspoken  increase  of  leukocytes,  "  hyperleukocytosis." 
Still  other  important  factors  speak  against  the  significance  attributed  by 
Lowit  to  the  leukopenia.  It  is  a  priori  impossible  to  understand  how 
different  substances  which  exercise  an  evident  chemotactic  effect  on  the 
leukocytes  in  the  tube  experiment  would  require  under  other  circum- 
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stances  the  previous  action  of  products  of  leukocytic  decomposition. 
Moreover,  general  clinical  experience  is  against  Lowit's  theory,  for 
though  hyperleukocytosis  is  frequently  observed  in  infectious  diseases, 
it  is  l)ut  rarely  that  a  transitory  stage  of  leukopenia  is  seen. 

This  cdntradiction  of  Lowit's  experimental  finding  is  readily  ex- 
j)hiincd  when  \ve  consider  how  very  different  an  experiment  is  from  a 
natural  disease-process.  In  the  former  the  animal  experimented  on  is 
overwlielmed  at  once  by  an  intravenous  injection  of  the  injurious  sub- 
stance, and  an  intense  acute  reaction  of  the  vascular  system  is  naturally 
the  result.  In  the  natural  infection  the  poison  enters  insidiously  and 
increases  gradually,  and  possibly  the  hypoleukocytosis  is  for  this  reason 
much  less  frefjiiently  seen  in  the  normal  course  of  infectious  diseases 
than  in  the  bruscjue  experiment. 

An  immense  amount  of  material  has  been  gathered  together  on  the 
clinical  significance  of  leukocytosis,  especially  in  infectious  diseases  and 
their  individual  stages.  Taking  from  this  material  pneumonia  as  the 
best  studied  example,  we  find  the  constant  occurrence  of  leukocytosis  in 
a  typicjd  case  to  be  incontestable.  It  usually  lasts  till  about  the  crisis, 
when  the  number  of  leukocvtes  (>:raduallv  diminishes  to  even  below  the 
normal.  The  al)sence  of  leukocytosis  in  severe  or  fatal  cases  (Kidodse, 
Sadler,  v.  Jaksch,  Tschistowitch,  Tiirk,  and  others)  is  of  special  im- 
portance. 

The  observation  has  likewise  been  made  in  many  other  diseases  that 
hyperleukocytosis  is  as  a  rule  absent  only  in  severe  or  otherwise  atypical 
cases.  Moreover,  several  investigators  (Lowy  and  Richter,  M.  Hahn, 
Jacob)  have  l)cen  able  to  show  that  an  artificial  hyperleukocytosis  influ- 
ences the  course  of  different  infectious  diseases  favorably.  The  question 
how  this  succeeds  in  protecting  the  body  is  at  present  actively  discussed, 
and  its  solution  opens  up  the  most  difficult  j)roblems  in  biology. 

The  morphologic  character  of  leukocytosis  is  by  no  means 
uniform,  and  according  to  the  variety  of  cell  increase  we  must  separate 
different  kinds  of  leukocvtosis. 

In  accordance  with  the  views  which  have  been  expressed  in  preced- 
ing sections,  we  must  consider  whether  those  varieties  of  leukocytes  are 
increased  which  are  capable  of  independent  motility,  and  of  respond- 
ing to  chemotactic  irritiition  by  emigration  ("active  leukocytosis"),  or 
others  which  possess  no  such  motility,  and  are,  therefore,  onlv  passively 
forced  into  the  circulation  ("passive  leukocytosis"). 

The  passive  form  of  leukocytosis  corresponds  to  the  different  forms 
of  lym])hemia  oeenrring  in  the  course  of  leukemia  and  other  diseases. 
In  the  section  on  the  Lymph-glands  (see  p.  85)  the  writer  has  thoroughly 
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described  this  condition,  and  has  shown  that  a  suppuration  consisting 
of  lymph-cells  does  not  exist. 

In  sharp  contrast  to  this  there  are  specific  inflammatory  products 
(pus,  exudate)  consisting  of  similar  cells  for  every  specific  form  of  active 
leukocytosis. 

Active  leukocytoses  are  divided  into  the  following  sub-groups  : 

a.  Poly  nuclear  leukocytoses  : 

1.  Poly  nuclear  neutrophile  leukocytosis, 

2.  Polynuclear  eosinophile  leukocytosis. 

/?.  Mixed  leukocytoses  with  participation  of  the  granuliferous  mono- 
nuclear elements,  "  myelemia." 

Polynuclear  Neutrophile  l/cukocytosis. — Among  the  forms 
of  active  leukocytosis,  this  is  by  far  the  most  frequent.  It  may  be 
produced  by  a  large  number  of  very  different  conditions  and  influences. 

Virchow,  the  discoverer  of  leukocytosis,  suggested  that  it  is  due  to 
irritation  of  the  lymph-glands,  which  respond  "  by  an  increased 
formation  of  cells  and  an  enlargement  of  the  follicles,  so  that  after  a 
short  time  they  contain  more  cells  than  previously."  The  enlargement 
of  the  lymph-glands  is  followed  by  an  increased  number  of  lymph- 
cells  in  the  lymph,  and  then  by  an  increase  of  colorless  corpuscles  in 
the  blood. 

This  view  was  necessarily  rejected  when  Ehrlich  showed  that  the 
leukocytosis  was  principally  due  to  the  entrance  into  the  blood  of  poly- 
nuclear neutrophile  cells.  Exact  estimations  were  first  made  by  Einhorn 
under  Ehrlich's  direction,  and  these  were  later  confirmed.  Correspond- 
ing to  the  exclusive  increase  of  the  neutrophile  corpuscles,  the  j)ercent- 
age  of  lymphocytes  is  always  diminished,  frequently  to  even  2  per  cent. 
or  lower ;  but  it  must  be  remembered  that  the  percentage  of  lympho- 
cytes may  be  diminished  without  any  alteration  in  their  absolute  number. 
Still  it  has  been  proved  that  in  cases  of  polynuclear  leukocytosis  there 
is  sometimes  a  diminution  of  the  absolute  number  of  lymphocytes. 
Einhorn  described  such  a  case,  and  recently  Turk  put  the  matter  on  a 
firm  basis  by  a  series  of  absolute  estimations.' 

The  eosinophile  cells  are,  as  a  rule,  absolutely  diminished  in  the  ordi- 
nary polynuclear  neutrophile  leukocytosis,  as  shown  by  Ehrlich  in  his 
first  communication  on  this  subject.  This  diminution  is  frequently 
marked,  sometimes  to  complete  disappearance  of  these  cells. 

A  very  few  diseases,  however,  as  will  be  discussed  more  in  detail  in 

^  It  is  naturally  possible  for  an  ordinary  leukocytosis  to  be  combined  with  a  lymph- 
emia.  In  another  section  it  is  mentioned  (see  p.  83)  that  this  coincidence  takes  place  in 
digestive  leukocytoses  and  in  the  intestinal  diseases  of  children. 
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the  next  section,  show,  besides  the  poly  nuclear  neutrophile  leukocytosis, 
an  increase  in  eosinophiles. 

Polvnuclear  neutrophile  leukocytoses — the  leukocytosis  xaz'egoj^rju — 
can  1k'  divided  clinically  into  several  groups.      We  distinguish  : 

Physiologic  Leukocytosis. — This  occurs  in  health  as  the  expression 
of  a  physiologic  oliange  on  the  part  of  the  organism.  In  this  category 
belong  the  digestive  leukocytoses,  the  leukocytosis  after  bodily  effort 
(ISchuinburg  and  Zuntz),  after  cold  baths,  and  during  pregnancy. 

Pathologic  Leukocytoses. — 1.  This  increase  of  polynuclear  cells 
occurs  in  the  majority  of  infectioHS  processe^s,  as  pneumonia,  erysipelas, 
diphtheria,  septic  conditions  of  the  most  different  kinds,  parotitis,  acute 
articular  rheumatism,  etc.,  and  has  been  designated  inflammatory 
according  to  the  principle  "  a  potiori  fit  denominatio."  A  particularly 
striking  position  in  this  regard  is  taken  by  uncomplicated  typhoid  fever 
and  measles,  in  which  the  absolute  number  of  white  corpuscles  is  dimin- 
ished, and  especially  at  the  expense  of  the  polynuclear  neutrophiles. 
For  the  details  regarding  leukocytosis  and  its  course  and  subsidence  in 
infectious  diseases,  we  refer  to  Turk's  complete  monograph.  AYe  will 
only  mention  here  from  Turk's  observations  that  at  the  termination  of 
the  leukocytosis,  which  occurs  at  the  time  of  the  crisis  in  diseases  ending 
critically,  mononuclear  neutrophile  cells  and  irritation  forms  frequently 
ap})ear  in  the  blood.  In  still  later  stages,  when  the  blood  is  approach- 
ing its  normal  constitution,  we  frequently  find  a  gradual  increasing  and 
again  decreasing  number  of  eosinophiles  (Zappert  and  others).  Stienon 
likewise  devoted  special  attention  to  the  leukocytoses  of  infectious  dis- 
eases, and  very  prettily  illustrates  them  by  means  of  curves. 

2.  Toxic  leukocytosis  is  very  frequently  found  in  poisoning  with  the 
so-called  blood  poisons.  This  important  group  has  not  been  suffi- 
ciently studied.  Still  we  may  say  in  general  that  the  majority  of  blood 
poisons  like  potassium  chlorate,  the  derivatives  of  phenylhydrazin, 
pyrodin,  and  phenacetin,  seem  to  produce,  in  addition  to  the  destruction 
of  red  blood-corpuscles,  a  considerable  increase  of  leukocytes  in  man 
as  well  as  experimentally  (Rieder).  We  have  seen  marked  increase  of 
the  white  blood-corpuscles  in  the  following  conditions  :  poisoning  by 
ar.-eninrcttcd  hydrogen  and  by  potassium  chlorate,  in  one  case  of  fatal 
iieinoglol)iiiMria  (sulphonal  poisoning?)'  and  after  a  protracted  chloro- 
form narcosis. 

3.  The  leukocytosis  which  accompanies  acute  and  chronic  anemic 
conditions,  especially  the  post-hemorrhagic.  (Further  details  in  the 
Sjiecial  Part  of  this  volume.) 

'  The  specimens  of  this  case  we  owe  to  the  kindness  of  Prof.  Stem  (Breslau). 
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4.    Cnchectio  leukocytosis  of  malignant  tumors,  phthisis,  etc.^ 

To  go  more  into  detail  in  regard  to  the  particular  clinical  significance 
of  the  blood-picture  in  diiferent  diseases  would  lead  too  far,  and  the 
writer  refers  therefore  to  the  splendid  monograph  of  Rieder  and  the 
treatises  of  Zappert  and  Tiirk.  Only  the  most  important  points  will 
be  mentioned  in  this  place. 

(a)  The  differential  diagnostic  significance  of  a  leukopenia  in  typhoid 
fever  in  contrast  to  the  other  infectious  diseases,  and  of  measles  in 
contrast  to  scarlet  fever. 

(6)  The  prognostic  significance  of  the  number  of  white  blood- 
corpuscles,  for  instance,  the  absence  of  leukocytosis,  influences  the  prog- 
nosis of  pneimionia  unfavorably  (Kikodse,  and  others),  and  according 
to  C.  S.  Engel,  the  appearance  of  numerous  myelocytes  during  diphtheria 
is  ominous  (see  p.  69). 

Taking  up  in  brief  the  manner  of  origin  of  polynuclear  neutrophile 
leukocytosis,  we  can  appeal  to  what  has  been  said  in  another  section  on 
the  function  of  the  bone-marrow. 

On  the  ground  of  Kurloff's  investigations,  Ehrlich  expressed  the 
following  views  ( Ueber  sclunere  andmische  Zustdnde,  1892)  :  "  The  bone- 
marrow  is  a  breeding-place  in  which  immense  numbers  of  polynuclear 
cells  are  formed  from  mononuclear.  These  polynuclear  cells  show,  above 
all  other  eleinents,  the  power  of  emigration.  This  power  becomes 
immediately  evident  when  substances  chemotactic  to  the  white  elements 
circulate  in  the  blood.  This  explains  why  so  many  substances,  especi- 
ally the  bacterial  proteids  designated  by  Buchner  as  leukocyte  irritants, 
can  produce  a  rapid  appearance  of  immense  numbers  of  leukocytes. 
With  Kurloif,  therefore,  I  regard  leukocytosis  as  a  function  of  the 
bone-marrow." 

The  contradictory  behavior  of  the  eosinophiles  and  neutrophiles  is 
of  considerable  theoretic  interest.  At  the  height  of  ordinary  leuko- 
cytosis the  number  of  eosinophiles  often  diminishes  even  to  their  absolute 
disappearance,  while  with  its  decline  they  appear  again  in  normal  num- 
bers. This  would  indicate  that  eosinophiles  and  neutrophiles  react  to  a 
certain  extent  in  opposite  ways  to  irritative  substances.  It  appears  that 
the  ordinary  metabolic  products  of  bacteria  occurring  in  human  diseases 


*  We  can  not,  however,  reckon  the  so-called  agonal  lenkocytosis  in  this  category,  since 
we  do  not  consider  it  a  genuine  leukocytosis,  but  only  the  indication  of  a  depressed  cir- 
culation caused  by  the  agonal  condition.  During  this  condition,  especially  in  the 
peripheral  parts  of  the  body  wiiich  are  employed  as  a  rule  for  the  blood  examination,  the 
white  blood-corpuscles  adhere  to  the  vessel-walls  in  such  a  way  as  to  produce  the  picture 
of  leukocytosis. 


112  MORPHOLOGY  OF  TUB  BLOOD. 

which  act  in  a  positively  chemotactic  manner  on  the  polynuclear  neutro- 
philes,  are  negatively  chemotactic  for  the  eosinophiles,  and  vice  versa} 

The  explanation  of  the  different  clinical  forms  of  leukocytosis  can 
readily  be  drawn  from  these  considerations.  The  physiologic  and  in- 
flanmiatory  leukocytoses  are  to  be  referred  exclusively  to  the  principle 
of  chemotaxis.  In  the  other  forms  other  factors  play  a  more  or  less 
conspicuous  role ;  for  instance,  an  increased  activity  of  the  bone-marrow 
or  a  widespread  transformation  of  fatty  into  red  marrow,  causing 
marked  increase  in  cell-formation. 

Polynuclear  Bositiophile  lyeukocytosis  (including  the 
Mast-cells). — Tlie  knowledge  of  eosinophile  leukocytosis  is  compara- 
tively recent.  After  Ehrlich  had  demonstrated  the  constant  increase 
of  eosino[)hile  cells  in  leukemia,  a  considerable  period  intervened  before 
eosinophilia  was  found  in  other  diseases.  The  first  investigations  in 
this  line  were  made  by  Gollasch  at  the  instigation  of  Friedrich  Muller, 
on  the  blood  of  asthmatics,  in  which  he  was  able  to  demonstrate  a 
considerable  increase  in  the  eosinophile  cells.  Following  these  we  have 
tiie  investigations  of  H.  F.  Muller  and  Rieder,  who  discovered  the 
frequency  of  eosinophilia  in  children  as  well  as  its  occurrence  in  chronic 
tumors  of  the  spleen.  Still  later  came  the  well-known  work  of  Edm. 
Neusser,  who  showed  a  striking  increase  of  the  oxyphilic  elements  in 
pemphigus,  and  almost  sinmltaneously  the  analogous  observations  of 
Canon  in  chronic  skin  diseases.  Among  the  numerous  other  works  on 
this  subject,  we  will  refer  only  to  the  comprehensive  treatise  of  Zappert. 
This  monograph,  which  contains  a  collection  of  the  material  to  date,  as 
well  as  numerous  observations  indispensable  to  every  investigator  who 
occupies  himself  with  this  subject,  indicates  the  immense  general  and 
special  significance  of  the  eosinophile  cells  from  a  clinical  point  of  view. 

Vt\  eosinophilia  is  understood  an  exclusive  increase  of  the  poly- 
nuclear eosino])hiles  in  the  blood.  A  confusion  of  this  form  of  leuko- 
cytosis with  leukemia  is  quite  impossible,  since  a  whole  series  of  other 
characteristics  are  necessary  to  the  diagnosis  of  the  latter,  as  will  be 
shown  in  the  following  section.  Moreover,  it  is  not  allowable,  as  has  been 
sometimes  done,  to  regard  the  presence  of  mononuclear  eosinophile  cells 
as  an  absolute  proof  of  leukemia,  since  they  are  found  in  isolated  cases 
of  ordinary  leidvocytosis. 

'  It  is  also  of  interest  to  note  the  behavior  of  eosinopliiles  in  the  massive  form  of 
leukocytosis,  namely,  lymphemia.  That  lymphemia  and  eosinophilia  ought  readily  to 
combine  is  eviflent  <i  priori.  According  to  C.  S.  P'ngel,  a  simultaneous  increase  of  lympho- 
cytes and  eosinojihile  cells  is  found  in  congenital  syphilis  of  children.  It  is  very  likely 
that  the  lymphocytosis  in  these  cases  is  to  be  referred  to  the  alterations  in  the  lymph- 
glands,  and  the  eosinophilia  to  specific  chemotaxis. 
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The  increase  of  eosinophile  cells  is  not  only  relative,  but  also  abso- 
lute. The  percentage,  which  normally  amounts  to  2  to  4  per  cent,  of  all 
leukocytes,  increases  in  eosinophilia  to  16,  20,  30  per  cent.,  and  more; 
in  fact,  in  one  case  Gravvitz  found  as  many  as  90  per  cent. 

[The  investigations  of  Zappert  in  particular  have  furnished  useful 
data  regarding  the  absolute  number  of  the  eosinophiles.  These  investi- 
gations were  made  by  a  method  especially  devised  by  Zappert  for  the 
purpose. — Ed.]  He  found  as  the  lowest  normal  number  50  to  100 
per  c.mm.,  as  an  average  100  to  200,  as  a  high  normal  200  to  250.  The 
largest  absolute  number  which  he  found  was  29,000  per  c.mm.  in  a  case 
of  leukemia,  the  highest  number  in  a  simple  eosinophilic  leukocytosis 
was  4800  in  a  case  of  pemphigus.  Reinbach  found  once  about  60,000 
eosinophile  cells  per  c.mm.  in  a  case  of  lymphosarcoma  colli  with  meta- 
stases to  the  bone-marrow. 

A  polynuclear  eosinophile  leukocytosis,  apart  from  that  observed 
in  healthy  children,  is  found  in  many  conditions,  and  for  the  sake  of 
clearness  the  condition  may  be  divided  into  several  groups  : 

1.  The  Eosinophilia  of  Bronchial  Asthma. — A  considerable  increase 
of  the  eosinophile  cells  in  the  blood  up  to  10  and  20  per  cent,  and 
over  was  regularly  found  in  this  disease,  first  by  Gollasch,  later  by 
many  other  investigators  (for  the  clinical  course  of  eosinophilia  in 
asthma,  see  below). 

2.  The  Eosinophilia  of  Pemphigus. — Neusser  was  the  first  to  report 
in  several  cases  of  pemphigus  an  extremely  marked,  almost  a  charac- 
teristic, eosinophilia.  This  interesting  observation  has  been  confirmed 
by  diiferent  persons,  especially  by  Zappert,  who  once  found  4800 
oxyphiles  per  c.mm. 

3.  The  Eosinophilia  of  Acute  and  Chronic  Skin  Diseases. — Canon 
was  the  first  to  observe  an  increase  of  the  eosinophile  cells,  even  to  17 
per  cent.,  in  a  large  number  of  skin  diseases,  especially  prurigo  and 
psoriasis.  Canon's  statement,  that  the  increase  of  eosinophile  elements 
seems  to  depend  less  on  the  variety  of  the  disease  or  its  local  intensity 
than  on  the  extent  of  the  process,  is  worthy  of  notice.  In  one  case 
of  acute  widespread  urticaria,  A.  Lazarus  found  the  eosinophiles 
increased  to  60  per  cent.  ;  after  the  course  of  several  days  the  number 
returned  to  the  normal. 

4.  Tlie  Eosinophilia  of  Helminthiasis. — The  first  observations  of  this 
condition  were  those  of  Miiller  and  Rieder,  who  found  a  pretty  high 
grade  of  eosino})hilia  (8.2  and  9.7  per  cent.)  in  two  men  suffering  from 
Ankylostoraum  duodenale.  Shortly  after  them  Zappert  reported  an 
increase  up  to  17  per  cent,  in  two  cases  of  the  same  disease,  and  at  the 
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same  time  recorded  the  presence  of  Charcot's  crystals  in  the  feces.  In 
a  third  case  of  ankylostomiasis  Zappert  found  neither  an  increase  of 
eosiuophiles  in  the  blood  nor  crystals  in  the  feces.  At  about  the  same 
time  Seige  confirmed  these  observations. 

A  thorough  investigation  of  this  important  subject  was  suggested 
by  Leichtenstern,  under  whose  direction  Bucklers  determined  the  inter- 
esting fact  that  eosinophilia  was  not  confined  to  ankylostomiasis,  but 
that  all  the  varieties  of  worm  diseases  in  the  Cologne  Hospital,  from 
the  comparatively  harmless  oxyuris  to  the  pernicious  ankylostomum, 
showed  an  increase  of  eosiuophiles  in  the  blood,  often  reaching  a  high 
degree.'  Buckler  reports  cases  of  oxyurides  with  16  per  cent,  of 
eosiuophiles,  of  ascarides  with  1 9  per  cent.,  and  the  writer  learned  from 
a  private  communication  of  Prof.  Leichtenstern,  that  he  found  in  one 
case  of  ankylostomiasis  72  per  cent.,  and  in  one  case  of  Taenia  medio- 
canellata  34  per  cent. 

It  is  especially  noteworthy  that  Leichtenstern  found  numerous 
eosinoj)hile  cells  in  the  blood,  particularly  in  those  cases  which  showed 
large  numbers  of  Charcot's  crystals  in  the  feces.  Since  eosiuophiles 
and  Charcot's  crystals  are  frequently  associated  elsewhere — e.  g.,  in 
bronchial  asthma,  in  nasal  polyps,  in  myelemic  blood  and  bone-marrow 
— Leichtenstern's  conjecture  is  justified,  that  eosinophile  cells  are  to 
be  found  in  the  intestinal  mucus  in  ankylostomiasis.  Positive  observa- 
tions in  relation  to  this  have  not  been  reported. 

The  further  interesting  discovery  has  been  communicated  by  T.  R. 
Brown,  working  under  the  direction  of  Thayer,  that  in  trichinosis 
a  large  relative  increase  of  oxyphiles  in  the  blood  up  to  68  per  cent, 
constantly  takes  place.  The  absolute  numbers  were  likewise  markedly 
increased,  and  reached  figures — e.  g.^  20,400 — w'hich  are  not  frequent, 
even  in  leukemia. 

Brown  considers  this  striking  symptom  as  pathognomonic  of  trichi- 
nosis, and  he  was  able  later  to  make  a  correct  diagnosis  of  trichinosis 
in  a  clinically  obscure  case  from  the  marked  eosinophilia. 

[Da  Costa*  collected  18  cases  of  trichinosis,  reported  from  1897  io 
1901,  in  all  of  wliich  notable  degrees  of  eosinophilia  were  observed. 
In  a  case  of  his  own,  however,  repeated  examinations  failed  to  disclose 
any  increase  in  tiie  percentage  of  the  cells  in  the  blood,  the  differential 
count  being  small  lymphocytes,  36.7  per  cent.  ;  large  lymphocytes  and 
transitional  cells,  6.5  per  cent.  ;  polymorphouuclear  neutrophiles,  56.1 
per  cent.  ;  eosiuophiles,  0.5  per  cent.  ;  myelocytes,  0.2  per  cent.     The 

'  In  his  monograph  on  hotliriocephahis  anemia,  Schaiimann  asserts  that  he  found 
eosinophilia  in  but  a  few  cases  of  tliis  disease.  *  Clinical  Hematology,  1901. 
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lesions  in  this  case  were  marked,  involving  the  greater  part  of  the  right 
lower  extremity  from  the  calf  to  the  thigh,  and  excised  parts  of  the 
muscle  contained  abundant  trichinae  and  were  rich  in  eosinophiles.  He 
suggests  that  the  absence  of  eosinophilia  in  such  cases  may  be  due  to  an 
overwhelming  dosage  of  toxin  and  a  stifling  of  the  function  of  the 
bone-marrow. 

In  an  imperfectly  reported  case  Howard  ^  also  records  the  absence 
of  eosinophilia. 

Blumer  and  Neumann,"  in  reporting  an  epidemic  in  which  they 
studied  9  cases,  suggest  that  the  degree  of  eosinophilia  is  an  index  to 
the  severity  of  the  parasitic  invasion. — Ed.] 

[W.  W.  Kerr^  found  marked  eosinophilia  in  2  cases  of  trichinosis. 
The  writer  could  find  no  evidence  in  the  muscles  of  a  transition  of  poly- 
morphonuclear cells  to  eosinophiles.  The  excess  of  eosinophiles  in  the 
areas  surrounding  the  parasite  he  believes  to  be  due  to  a  chemotactic 
and  phagocytic  process. 

Among  others  who  have  reported  cases  of  eosinophilia  associated 
with  trichinosis  are  :  Gwyn,  Stump,  Brooks,  Kinnicutt,  Gordinier,  and 
Cabot.  Recently  Schleif*  has  reported  an  extensive  epidemic,  including 
30  severe  and  many  mild  cases.  Of  64  cases  examined,  eosinophilia 
was  found  in  62.  The  2  not  showing  eosinophilia  were  doubtful 
cases.  During  convalescence  there  are  a  decided  lymphocytosis  and  a 
flooding  of  the  blood  with  blood-plates,  which  he  believes  originate  in 
the  eosinophile  granules.  F.  R.  Gould,^  in  discussing  6  cases  with- 
out eosinophilia,  notes  that  a  considerable  time  had  elapsed  in  4  of  these 
cases  from  the  beginning  of  the  disease  to  the  time  of  the  blood  exami- 
nation. In  the  other  2  of  the  6  cases  the  trichinse  were  well  encapsu- 
lated in  one  and  calcified  in  the  other.  He  concludes  that  an  early 
examination  would  probably  have  shown  eosinophilia  in  all. — Ed.] 

5.  Post-febrile  Form  of  Eosinophilia  (^following  various  infectious 
diseases). — In  the  section  on  polynuclear  neutrophile  leukocytosis  it 
was  stated  that  at  the  height  of  the  majority  of  acute  infectious  dis- 
eases, with  the  single  exception  of  scarlet  fever,  there  is  a  relative 
diminution  of  eosinophiles,  or  even  a  complete  disappearance  of  these 
cells.  In  the  post-febrile  period  there  are  frequently  found  an  increase  of 
eosinophiles  and  sometimes  an  outspoken  eosinophilia,  though  as  a  rule 
the  increase  is  moderate.     Tiirk  found  in   pneumonia  a  post-critical 

'  Phila.  Med.  Jour.,  1899.  ""  Amer.  Jour.  Med.  ScL,  1900. 

*  Philu.  Med.  Jour.,  August  25,  1900. 

*  Deutsich.  Arch./.  kUn.  Med.,  lid.  Ixxx.,  II.  1  u.  2. 
6  Amer.  Med ,  September  'JG,  lil03. 
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eosinophilia  of  5.67  per  cent,  (absolute  number  430)  following  acute 
articular  rheumatism,  9.37  per  cent,  (absolute  number  970) ;  Zappert 
in  malaria  one  day  after  the  last  paroxysm,  20.34  per  cent.  (1486  per 
c.mm.). 

With  Zappert  we  group  the  eosinophilia  observed  after  tuberculin 
injections  in  this  category  of  post-febrile  leukocytoses,  for  this  appears 
only  after  marked  elevations  of  temperature.  In  fact,  during  the  stage 
of  febrile  reaction  the  number  of  eosinophile  cells  sinks,  but  rises 
again  after  the  decline  of  the  fever.  This  increase  may  be  consider- 
able. In  one  case  of  Zappert's  the  number  of  oxyphiles  increased  to 
26.9  per  cent. ;  in  another  case  he  found  3220  per  c.mm.  In  one  case 
of  Grawitz's  the  eosinophilia  was  extraordinary.  In  this  the  most 
marked  alteration  of  the  blood  was  found  about  three  weeks  after  the 
discontinuance  of  the  tuberculin  injections,  which  altogether  numbered 
eight  (from  5  mg.  to  38  mg.).  The  examination  showed  4,000,000 
red  corpuscles,  and  45,000  white  corpuscles  per  c.mm.  Among  the 
latter  there  were  10  eosinophiles  to  1  other  white  cell.  The  absolute 
number  of  eosinophiles  amounted  to  41,000  per  c.mm.,  the  other  cells 
making  up  the  remaining  4000.  Since  these  consisted  of  polynuclear 
cells,  lymphocytes,  and  others,  it  is  evident  that  the  polynuclear  neutro- 
philes  were  greatly  diminished,  not  only  relatively,  but  also  absolutely, 
making  the  case  exactly  the  opposite  to  the  ordinary  leukocytoses, 
especially  those  of  the  infectious  variety. 

6.  The  Eosinophilia  of  Malignant  Tumors. — An  increase  of  eosino- 
phile cells  has  been  observed  by  different  investigators  in  tumor  cachexias. 
This  does  not,  however,  exceed  a  moderate  grade,  about  7  to  10  per 
cent.  In  40  such  cases  Reinbach  found  the  eosinophiles  increased  only 
four  times,  namely,  in  one  case  of  sarcoma  antebrachii  (7.  8  per  cent), 
sarcoma  cruris  (8.4  per  cent.),  tumor  malignans  abdominis  (11.6  per 
cent.),  and  lymphosarcoma  colli  with  metastases  to  the  bone-marrow  in 
which  an  unparalleled  increase  of  the  white  blood-corpuscles,  and 
especially  of  the  eosinophiles,  took  place.  The  absolute  number  of  the 
latter  on  one  day  amounted  to  60,000,  an  increase  of  300  times  the 
normal  and  a  number  never  equalled  in  any  condition  other  than 
leukemia. 

7.  Compensaton/  Eosinophilia  (after  Extirpation  of  the  Spleen). — This 
form  was  thoroughly  discussed  in  the  chapter  on  the  function  of  the 
spleen,  where  it  was  also  stated  that  the  increase  of  eosinophiles  found 
in  chronic  splenic  tumors  by  Ricder,  AVeiss,  and  others,  must  be  referred 
to  disappearance  of  the  splenic  function. 

8.  Medicinal  Eosinophilia. — Of  this  condition    there  is  only  one 
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single  observation,  that  of  v.  Noorden.  He  found  an  eosinophilia  up 
to  9  per  cent,  in  two  chlorotic  girls  after  the  internal  administration  of 
camphor.  Other  patients  manifested  no  such  symptom,  but  it  is  not 
unlikely  that  special  investigations  into  the  question  of  medicinal 
eosinophilia  will  reveal  many  interesting  facts. 

Different  theories  have  been  offered  by  various  writers  in  relation  to 
the  origin  of  polynuclear  eosinoptiile  leukocytosis.  These  it  is 
intended  to  discuss  critically. 

A  frequently  quoted  explanation  is  that  of  Miiller  and  Rieder.  In 
opposition  to  Ehrlich,  these  writers  do  not  regard  the  eosinophile  cells 
as  of  bone-marrow  origin,  but  assume  that  they  are  transformed  within 
the  circulation  from  the  finely  granulated  cells.  This  process  of  devel- 
opment appears  improbable  for  many  reasons.  Since  the  polynuclear 
neutrophile  cells  circulating  in  the  blood  are  all  under  the  same  condi- 
tions of  nutrition,  it  is  impossible  to  understand  why  only  a  com- 
paratively small  number  of  them  should  undergo  this  transformation, 
and  why  in  inflammatory  leukocytosis,  in  which  the  number  of  poly- 
nuclear cells  is  so  greatly  increased,  their  maturation  into  eosinophiles 
should  be  entirely  interrupted. 

Moreover,  the  fact  that  a  transition  of  neutrophile  cells  into 
oxyphiles  is  never  observed  in  the  blood,  speaks  decidedly  against  the 
Rieder-Miiller  hypothesis.  If  this  hypothesis  were  correct,  transition- 
forms  should  be  found  in  every  normal  blood.  Rieder  and  Miiller 
have  evidently  seen  no  such  forms,  otherwise  they  would  not  be  obliged 
to  depend  on  Max  Schultze's  observation.  As  high  as  Max  Schultze's 
authority  is  in  morphologic  matters,  it  can  not  remain  unquestioned  in 
the  case  of  histochemic  questions  which  require  other  experience  than 
that  of  a  morphologist  for  their  solution. 

In  the  further  exposition  of  their  theory,  and  in  direct  opposition  to 
Ehrlich,  Miiller  and  Rieder  assume  that  the  eosinophile  cells  of  the 
bone-marrow  "  do  not  represent  newly  formed  elements,  but  rather  a 
storing  up  of  old  ones.  The  bone-marrow,  therefore,  as  far  as  the 
coarsely  granular  cells  are  concerned,  must  be  regarded  as  a  storehouse 
in  which  they  are  made  to  serve  purposes  yet  unknown." 

These  writers  base  their  theory  principally  on  the  fact  that  the 
majority  of  eosinophiles  in  the  bone-marrow  are  mononuclear,  while 
those  of  normal  blood  possess  a  polymorphous  nucleus.  Miiller  and 
Rieder  themselves  should  have  seen  the  evident  objection,  namely,  tiiat 
the  nuclear  conditions  of  the  neutrophile  cells  are  exactly  the  same  as 
those  of  the  eosinophiles.  They  would  then  have  been  forced  to 
assume  that  the  most  importnnt  blood-making  organ  is  not  the  cradle, 
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but  the  grave  of  the  blood-cells.  The  simplest  explanation,  and  one 
based  on  histologic  observation,  is  that  the  mononuclear  eosinophiles 
in  the  bone-marrow  progressively  develop  to  polynuclear,  and  that  only 
the  latter  have  the  faculty  of  emigration  by  which  they  enter  the  blood. 
As  this  view  has  been  repudiated  by  the  very  great  majority  of 
writers  since  Ehrlich's  paper,  "  Ueber  schwere  anaemische  ZustJinde," 
the  author  will  content  himself  with  these  objections,  even  though  the 
theory  has  lately  obtained  new  advocates — e.  g.,  Lenhartz.  It  may  be 
added  that  H.  F.  Miiller  himself,  in  a  paper  on  bronchial  asthma 
(1893),  takes  a  standpoint  different  from  his  earlier  one  and  approaching 
somewhat  that  of  Ehrlich. 

The  origin  of  the  polynuclear  eosinophilia  is  made  most  evident  by 
an  experiment  of  E.  Neusser's.  He  found  in  a  case  of  pemphigus,  the 
blood  of  which  showed  a  considerable  increase  of  eosinophiles,  that  the 
contents  of  the  pemphigus  vesicle  consisted  almost  exclusively  of 
eosinophiles.  Neusser  then  produced  by  a  vesicant  a  non-specific  in- 
flammatory vesicle  on  the  skin,  and  found  that  the  cellular  elements  in 
it  consisted  entirely  of  polynuclear  neutrophile  pus-cells  similar  to  those 
seen  in  ordinary  inflammations. 

Analogous  conditions  occurring  spontaneously  were  demonstrated  by 
Leredde  and  Perrin  in  Duhring's  disease.  The  vesicles  associated  with 
this  disease,  as  long  as  their  contents  were  clear,  contained  only  poly- 
nuclear eosinophile  cells  ;  but  in  a  later  stage,  when  bacteria  had  forced 
their  way  into  the  vesicles,  neutrophile  cells  exclusively  were  present. 

Neusser's  experiment  and  Leredde-Perrin's  observation  can  only  be 
explained  according  to  modern  theories  of  suppuration  by  assuming,  as 
has  previously  been  insisted,  that  the  eosinophiles  and  neutrophiles 
react  to  different  chemotactic  irritations.  The  eosinophiles,  therefore, 
wander  only  to  places  which  possess  a  substance  specifically  chemotactic 
for  them.  In  this  way  all  the  known  experiments  and  clinical  observa- 
tions on  eosinophilia  can  be  explained.  Neusser's  experiment,  for 
instance,  may  be  interpreted  as  follows  :  In  the  pemphigus  vesicle  a 
substance  is  present  which  acts  chemotactically  on  the  eosinophiles ; 
these  cells  present  normally  in  the  blood  wander  out  and  produce  an 
eosinophile  suppuration.  If  the  disease  remains  of  slight  extent,  this 
concludes  the  process  ;  but  if  it  becomes  widely  distributed,  a  very 
different  picture  develops.  Under  these  circumstances  by  resorption 
and  diffusion  large  amounts  of  the  specific  agent  enter  the  blood  and 
exercise  a  chemotactic  effect  on  the  physiologic  storehouse  of  eosino- 
philes, namely,  the  bone-marrow,  with  the  result  that  a  more  or  less 
marked  increase  of  eosinophiles  is  produced  in  the  blood.     Following 
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this  according  to  general  biologic  principles,  the  bone-marrow  is  excited 
by  the  increased  demand  to  increased  new  formation,  and  thereby  con- 
tinues capable  of  preserving  the  eosinophiles  even  on  long  duration  of 
the  disease. 

A  corresponding  explanation  is  applicable  to  other  clinical  facts. 
In  the  case  of  Gollasch's  discovery,  that  the  sputum  of  asthmatics 
contains,  in  addition  to  Charcot-Leyden  crystals,  almost  exclusively 
eosinophile  cells,  it  must  be  assumed  that  a  substance  chemotactic  for 
the  eosinophile  cells  exists  within  the  bronchial  tree.  Moreover,  the 
close  connection,  according  to  many  reports,  between  the  severity  of 
the  disease  and  the  eosinophiles,  would  support  this.  v.  Noordeu,  for 
instance,  reports  that  the  eosinophile  cells  are  more  numerous  at  a  time 
almost  synchronous  with  the  asthmatic  attack,  than  at  other  times. 
They  were  especially  numerous  when  paroxysms  took  place  several 
days  in  succession.  That  the  increase  of  the  eosinophile  cells  is 
dependent  on  the  attack,  and  is  not  the  expression  of  a  persistent  con- 
stitutional anomaly,  is  evident  from  a  case  of  v.  Noorden's  which 
showed  during  the  paroxysm  25  per  cent,  of  eosinophiles,  and  several 
days  later  only  a  single  eosinophile  cell  in  twelve  cover-glass  specimens  ; 
in  other  words,  a  diminution  in  number. 

The  observations  made  by  Canon  on  skin  diseases  are  very  similar 
in  that  the  general  intensity  of  the  disease  appeared  to  stimulate  the 
eosinophilia  less  than  its  local  spread  ;  in  other  words,  the  factor  directly 
influencing  the  amount  of  the  specific  agent  that  enters  the  blood. 

In  additon  to  the  Miiller-Rieder  and  the  chemotactic  theory  of  eosino- 
phile leukocytosis,  a  third  appeared  which  may  be  briefly  designated  as 
the  hypothesis  of  local  origin  of  the  eosinophiles.  Especially  in  relation 
to  asthma,  A.  Schmidt  proposed  the  question,  "  whether  with  the  enor- 
mous number  of  eosinophile  cells  in  this  disease  a  local  formation  along 
the  respiratory  tract  is  not  more  probable  than  their  origin  from  the 
blood.  As  a  matter  of  fact,  the  increase  of  eosinophile  cells  in  the 
blood  of  asthmatics  may  readily  be  regarded  as  a  secondary  phenome- 
non." This  view,  advocated  also  by  other  writers,  is  supported  by  the 
following  facts  and  considerations  : 

1.  In  various  diseases  of  the  nose,  especially  mucous  polyps  and 
hyperplasias  of  tiie  mucous  membrane  (Leyden,  Benno,  Lewy,  and 
others)  enormous  numbers  of  eosinophile  cells  are  found  in  the  tissues 
while  they  are  apparently  not  increased  in  the  blood.  This  argument 
is  readily  met  by  the  chemotactic  theory.  For  if  substances  are  present 
in  these  localities  which  act  cheraotactically  on  the  eosinophiles,  a  con- 
siderable accumulation  may  naturally  take  place  in  the  course  of  time 
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without  the  blood  showing  any  deviation  from  the  normal.  Were  this 
not  true,  the  conclusion  would  follow  from  Neumann's  experiment  in 
lymphatic  leukemia,  that  the  polynuclear  cells  originated  in  the  tissues, 
for  in  that  instance  the  artificially  produced  suppuration  consisted  only 
of  polynuclear  neutrophiles,  although  these  were  present  in  the  blood 
in  but  minimal  numbers.  [Weiss  maintained  that  eosinophiles  have  a 
local  origin  from  absorption  by  the  polynuclear  cells  of  derivatives  of 
hemoglobin  which  become  deposited  as  eosinophile  granules.  His 
opinions  were  based  on  a  case  of  hemorrhagic  pleural  effusion  in  the 
blood  of  which  40  per  cent,  of  eosinophile  cells  were  found,  while  in 
the  exudate  76  per  cent,  of  such  cells  were  found.  Several  other 
authors  have  reported  observations  of  a  very  similar  character. — Ed.] 

2.  Adolf  Schmidt  proposed  a  reverse  argument  in  that  he  showed 
that  the  sputum  of  patients  with  myelogenic  leukemia  contained  no 
more  eosinophile  cells  than  are  ordinarily  found  in  the  bronchial  secre- 
tion, although  the  blood  was  extremely  rich  in  them.  Still,  from  the 
writer's  point  of  view  this  observation  furnishes  no  support  for  the 
hypothesis  of  local  origin,  but  is,  on  the  contrary,  an  argument  that  it 
is  not  the  larger  or  smaller  number  of  eosinophile  cells  in  the  blood 
which  determines  their  outwandering,  but  only  the  presence  of  specific 
chemotactic  substance.  From  the  author's  observations  on  leukocytosis 
in  infectious  diseases  and  on  the  morphology  of  ordinary  pus,  it  is  seen 
that  the  bacterial  chemotactic  substances  act  rather  negatively  than 
positively  on  the  eosinophile  cells,  and  it  corresponds  only  to  general 
experience  when  ordinary  sputum  contains  no  more  eosinophile  cells  in 
spite  of  a  high  degree  of  eosinophilia  in  the  blood.  This  is  in  com- 
plete accord  with  Neusser's  pemphigus  experiment,  in  which  tiie  specific 
disease  called  forth  an  eosinophilia,  while  artificially  produced  suppura- 
tion called  forth  only  neutrophile  cells.  Further,  an  analogous  experi- 
ment of  Schmidt  may  be  quoted.  He  found  in  the  sputum  of  an 
asthmatic  case  many  eosinophile  cells,  but  in  an  artificial  suppuration 
of  the  skin  only  neutrophile  colls. 

It  is  seen  then  that  the  principal  grounds  on  which  the  advocates 
of  the  theory  of  local  origin  based  their  theory  are  unable  to  withstand 
the  objections  raised  from  the  standpoint  of  chemotaxis.  Moreover, 
histologic  or  experimental  proof  of  this  theory  has  not  been  brought 
forward  in  spite  of  numerous  investigations  in  this  direction.  Still,  it 
may  not  be  amiss  to  examine  closely  the  possibilities  of  a  local  origin 
of  e()siiio])hilcs. 

In  the  first  place,  the  eosinophile  cells  may  arise  from  a  progresssve 
metamorphosis  of  tlie  normal  connective-tissue  cells.     Tlie  possibility 
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of  this  is  evident  from  the  local  origin  of  the  mast-cells.  Ehrlich  and 
his  school  have  always  considered  that  the  latter  arose  by  a  transforma- 
tion of  preformed  connective-tissne  cells/  but  that  this  is  applicable  to 
the  eosinophile  cells  has  never  been  proved.  In  the  second  place,  it  is 
conceivable  that  isolated  eosinophile  cells  preformed  in  the  tissue  rapidly 
increase  and  so  produce  the  local  accumulation.  The  proof  of  this 
would  be  the  discovery  of  numerous  mitoses,  but  thus  far  no  karyo- 
kinetic  figures  have  been  found,  though  A.  Schmidt  directed  especial 
attention  to  them  in  searching  for  support  of  this  theory.  A  third  pos- 
sibility would  be  their  direct  derivation  from  neutrophile  cells  in  the 
way  of  maturation.  This  assumption,  too,  must  be  considered  weak, 
since  the  requirement  necessary  for  its  foundation,  namely,  the  proof 
of  corresponding  transitional  stages,  has  never  been  fulfilled. 

By  way  of  induction,  therefore,  the  conclusion  is  arrived  at  that 
there  can  scarcely  be  any  question  of  a  local  origin  of  eosinophile  cells. 
The  writer's  position  is,  moreover,  strengthened  when  the  behavior  of 
the  mast-cells  which  are  closely  allied  to  the  eosinophiles,  and  are  prac- 
tically differentiated  from  them  only  by  the  granulations,  is  compared. 
Like  the  eosinophiles,  the  mast-cells  are  a  normal  constituent  of  bone- 
marrow,  and  occur  regularly  even  though  in  very  small  number — 
according  to  Canon,  0.28  per  cent,  of  the  leukocytes — in  normal  blood. 
It  is  known  that  mast-cells  are  formed  locally  wherever  nourishment 
of  the  connective  tissue  occurs — e.  g.,  in  chronic  diseases  of  the  skin, 
elephantiasis,  and  brown  induration  of  the  lungs.  Moreover,  the 
requirements  presumed  in  the  case  of  the  eosinophile  cells  by  the  advo- 
cates of  their  local  origin  are  actually  realized  in  the  case  of  the  mast- 
cells.  It  is,  therefore,  to  be  expected  that  an  increase  of  mast-cells  in 
the  blood  in  the  condition  described  above,  or  in  certain  inflammations, 
would  be  no  rare  occurrence.  With  this  in  mind,  Ehrlich  twenty  years 
ago  carefully  examined  the  sputum  in  cases  of  emphysema  and  brown 
induration  of  the  lungs  for  mast-cells,  but  without  result.  Moreover, 
Canon's  examinations  of  the  blood  were  likewise  practically  negative. 
Canon  failed  to  find  mast-cells  in  nine  out  of  twenty-two  healthy  per- 
sons ;  in  the  others  he  found  an  average  of  0.47  per  cent,  and  a 
maximum  of  0.89  per  cent.  A  slight  increase  only  was  suggested  in 
several  cases  of  skin  diseases  which  showed  an  average  of  0.58  jier 
cent. ;  in  other  words,  a  mimber  which  can  be  frequently  found  in 
health.      A  mast-cell  leukocytosis  similar  to  the  eosinophile  or  neutro- 

'  This  theory  has  lati'ly  received  striking  confirmation  by  IJiiumer's  veiT  interesting 
experiment  on  liimself.  After  a  continuous  irritation  witli  urtiea  urens  he  obtained  in 
four  days  a  considerable  increase  of  mast-cells  at  the  irritated  spot  on  the  skin. 
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phile  leukocytosis  was  found  neither  by  Canon  nor  by  other  observers. 
Yet  in  myelogenic  leukemia  the  mast-cells  undergo  a  considerable 
increase,  the  number  sometimes  reaching  or  even  exceeding  that  of  the 
eosinophiles.  Consequently  one  is  not  likely  to  err  when  regarding  the 
mast-cells  of  the  blood  as  originating  exclusively  in  the  bone-marrow, 
and  not  in  the  connective  tissue,  even  when  they  are  greatly  increased 
in  the  latter  place.' 

The  author  believes  that  he  has  shown  in  the  preceding  that  the 
proofs  brought  forward  in  support  of  the  local  origin  of  the  eosinophile 
cells  do  not  stand  the  tests.  The  problem  is  now  to  show  that  the 
accumulation  of  eosinophile  cells  in  the  organs  and  secretions  can  be 
explained  by  their  emigration  from  the  blood. 

The  demonstration  of  this  problem  presents  many  difficulties,  inas- 
much as  eosinojihile  cells  are  found  normally  in  many  localities,  so  that 
one  is  unable  to  follow  the  steps  of  a  morbid  process,  but  is  concerned 
with  completed  conditions.  The  problem  will  be  much  easier  if  eosino- 
phile cells  are  studied  in  organs  normally  free  from  them.  So  far  tliere 
is  only  one  observation  of  this  sort,  which  was  made  a  short  time  ago 
by  Michaelis,  in  Hertwig's  Institute.  Michaelis  found  that  when  lacta- 
tion was  interrupted  in  nursing  guinea-pigs  numerous  eosinophile  cells 
collected  in  the  course  of  a  few  days  in  the  mammary  glands,  though 
not  in  the  lumen  of  the  milk-ducts.  These  eosinophile  cells  were 
exclusively  polynuclear ;  and  since  they  corresponded  to  those  of  the 
blood,  they  must  be  looked  on  as  having  immigrated.  This  phenomenon 
can  be  explained  according  to  modern  views,  by  assuming  that  the 
mammary  gland  under  certain  circumstances  possesses  a  "  secretio 
interna  "  containing  a  substance  which  increases  abnormally  when  the 
"  secretio  externa  " — /.  e.,  the  production  of  milk — is  disturbed.  Thus 
also  is  explained  the  fact  that  in  Michaelis's  experiment  no  eosinophile 
cells  were  found  in  the  specific  secretion  of  the  gland.^ 

Corresponding   observations    have    also    been    made    in    pathologic 

'  The  fact  that  no  one  has  yet  met  with  a  pronounced  basopliile  leukocytosis  is 
explained  by  the  assumption  that  the  substance  which  acts  chemotactically  on  the  mast- 
cells  is  very  rarely  elaborated  in  the  body,  even  much  more  rarely  than  the  correspond- 
ing eosinophilic  substance.  Diseased  conditions  in  which  the  substance  specific  for  the 
mast-cells  is  present,  may  show  a  mast-cell  suppuration  or  a  mast-cell  leukocytosis.  Tlie 
greatest  interest  in  this  connection  was  aroused  by  an  observation  of  Albert  Neissei-'s, 
who  (according  to  a  private  conununication)  encountered  among  a  very  great  number 
of  ca.ses,  an  instance  of  gonorrhea  in  which  the  purulent  secretion  consisted  exclusively 
of  mast-cells. 

'^  Analogous  obsei"vations  on  mast-cells  were  recently  published  by  Unger  in  connec- 
tion with  the  human  mammary  gland.  He  observed  under  the  influence  of  a  stagna- 
tion of  milk  a  considerable  invasion  of  the  typical  mast-cells  into  the  glandular  tissue. 
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organs.  They  were  first  brought  to  light  in  the  fundamental  work  of 
Goldmann,  who  found  in  malignant  lymphoma  a  considerable  collection 
of  eosinophile  cells  within  the  tumor,  and  demonstrated  anatomically 
that  they  had  emigrated  from  the  vascular  system.  He  concluded  that 
they  were  attracted  by  the  action  of  certain  chemotactic  substances. 
Moreover,  he  and  later  Kanter  reasoned  that  they  were  not  products 
of  an  ordinary  inflammation  in  this  instance,  since  they  are  wanting  in 
a  large  number  of  other  diseases  of  the  lymph-glands,  particularly 
tuberculosis.  In  a  similar  way  Leredde  and  Perrin,  in  their  investi- 
gations of  Duhring's  disease,  showed  that  the  eosinophile  cells  found  in 
large  numbers  in  the  cutaneous  tissue  apart  from  the  vesicles,  have 
their  origin  in  an  outwandering  from  the  circulation. 

From  a  number  of  different  facts,  therefore,  it  is  evident  that  the 
eosinophile  cells  occurring  in  the  tissue  are  not  formed  there,  but  have 
emigrated  from  the  circulation.  It  is  easy  to  understand  how  this 
picture  may  not  be  so  definite  in  all  cases,  for,  as  has  been  pointed 
out  in  the  case  of  ordinary  neutrophile  polynuclear  cells,  the  eosino- 
phile polynuclear  cells  may  be  transformed  into  mononuclears,  and  may 
be  even  stationary  or  approach  the  character  of  fixed  connective-tissue 
cells.  Such  occurrences  may  readily  induce  the  false  conclusion  that 
the  reverse  method  of  nuclear  transformation  is  taking  place — i.  e.,  a 
progressive  development  of  eosinophile  polynuclear  cells  from  mono- 
nuclear. 

In  harmony  with  the  opinion  of  Goldmann,  Jadassohn,  and  H.  F. 
Midler,  the  author  finds  an  explanation  for  all  these  facts  only  in  the 
assumption  that  the  eosinophile  cells  follow  specific  chemotactic  irri- 
tants. This  hypothesis  readily  explains  eosinophile  leukocytosis,  the 
occurrence  of  eosinophiles  in  exudates  and  secretions,  and  their  local 
accumulation. 

Regarding  the  nature  of  these  active  chemotactic  substances,  so  far 
only  conjectures  are  permissible.  From  a  clinical  standpoint  the  only 
thing  that  has  been  learned,  and  which  has  been  mentioned  before,  is 
that  the  ordinary  metabolic  products  of  bacteria  repel  the  eosinophile 
cells. 

The  contradictory  behavior  of  eosinophiles  and  neutrophiles  is 
beautifully  illustrated  by  a  case,  for  the  knowledge  of  which  the  writer 
is  indebted  to  the  kindness  of  Prof  Leichtensteru  : 

"In  a  severely  anemic,  almost  moribund  case  of  ankylostomiasis,  72  per 
cent,  of  eosinophile  cells  were  found  in  the  blood  in  1897.  The  patient 
then  acquired  a  croupous  pneumonia,  during  the  acme  of  whicii  the  number 
of  eosinophiles  sank  from  6  to  7  per  cent.,  rising  again  to  54  per  cent,  after 
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the  course  of  the  pneumonia.  After  the  removal  of  the  worms  the  number 
fell  at  once  to  11  per  cent.  In  the  year  1898,  when  the  ankylostomata  were 
very  few  and  Charcot's  crystals  were  no  longer  present  in  the  feces,  the 
number  of  eosinophiles  amounted  to  7  per  cent." 

The  question  as  to  what  cells  by  their  destruction  elaborate  the 
chemotactic  substance,  is  extremely  important,  though  it  can  not  be 
determined  with  certainty  from  the  material  at  hand.  It  does  not 
appear  to  be  the  ordinary  pus-cells  or  the  lymphocytes,  while  many 
observations  support  the  theory  that  it  may  be  the  epithelial  and  epi- 
thelioid cells.  This  would  explain  the  frequent  occurrence  of  eosino- 
philia  in  all  sorts  of  skin  diseases,  as  well  as  the  local  accumulations 
in  all  atrophic  conditions  of  the  stomach,  intestinal  and  bronchial  mucous 
membrane,  and  in  the  vicinity  of  carcinomata.  A  further  support  for 
this  view  is  found  in  the  fact  that  the  eosinophile  cells  in  bronchitis 
and  asthma  are,  the  more  numerous  the  less  purulent  the  secretion. 
Noteworthy  too  is  an  observation  of  Jadassohn's,  according  to  w^hich 
numerous  eosinophile  cells  were  found  in  a  lupous  patch  after  an  injection 
of  tuberculin.  In  this  case  the  substances  capable  of  acting  chemotactic- 
ally  on  the  eosinophiles  must  have  originated  from  the  destruction  by 
the  tuberculin  of  epithelioid  cells  in  the  lesion  whence  they  entered  the 
blood.  In  other  cases,  as,  for  instance,  nasal  polyps,  the  mucin  or  the 
mucin-like  bodies  must  be  considered  chemotactic.  The  direct  cause, 
therefore,  in  the  majority  of  cases  of  eosinopliilia  seems  to  lie  in  the 
products  resulting  from  a  destruction  of  tissue. 

On  the  other  hand,  it  is  not  to  be  doubted  that  foreign  substances 
circulating  in  the  body  may  be  positively  chemotactic  for  the  eosinophile 
cells.^  As  an  example  of  this  may  be  mentioned  the  marked  eosinophilia 
seen  in  different  forms  of  helminthiasis.  Formerly  the  effect  of 
helminthes  was  considered  ])urely  local,  but  now  the  view  is  steadily 
gaining  ground  that  thoy  also  produce  poisons.  Linstow,  for  instance, 
insists  that  the  general  typhoid  symptoms  of  trichinosis,  and  the  fatty 
degeneration  of  the  liver  and  kidneys,  in  other  words,  of  organs  in 
which  trichinae  do  not  occur,  make  the  assum]ition  of  a  toxin  necessary. 
In  several  varieties  of  ankylostomiasis  evident  signs  of  the  produc- 
tion of  a  poison  are  also  found.  In  Husemann's  article  on  "  Animal 
Poisons"  (Eidcnbvrf/'ii  Rcalenct/k/opndie,  1897)  we  are  informed  that 
similarly  to  Ankylostomum  duodenale,  which  produces  the  well-known 

'  A  very  interesting  observation  of  Goldmann's  deserves  mention  here.  Goldmann 
observed  in  preparations  of  pancreas  of  Proteus  sanguineus,  in  which  parasites  were  found, 
that  the  eosinophile  cells  were  markedly  increased  in  the  neigliborhood  of  the  capsulated 
parasites,  while  they  were  sought  in  vain  farther  away. 
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severe  anemia  of  man,  Ankylostomum  trigonocephalum  in  dogs,  and 
Ankylostomum  perniciosum  in  tigers,  produce  general  effects. 

A  definite  toxin  is  likewise  generally  attributed  to  Bothriocephalus 
latns,  and  even  the  ordinary  tapeworms  seem  to  be  occasionally  re- 
sponsible for  lesions  apparently  referable  to  a  toxin  (Peiper). 

Observations  show  that  tapeworms  not  only  take  up  nutritive 
material,  but  also  excrete  substances  which  may  be  absorbed  by  the 
intestine  of  the  host,  and  which  are  capable  of  causing  wide-reaching 
results.  According  to  Leichtenstern,  one  expression  of  this  action  is 
the  eosinophilia  of  the  blood.  The  substance  that  is  chemotactic  for 
the  eosinophile  cells,  for  many  reasons  seems  to  be  different  from  the 
substance  that  produces  the  anemia  ;  for  instance,  the  absence  of  eosino- 
philia in  bothriocephalus  anemia  (Schauman).  Still  the  substance  pro- 
ducing the  eosinophilia  is  undoubtedly  more  generally  distributed  than 
that  producing  the  anemia. 

I^eukemia  (''Mixed  I/eukocytosis"). — In  spite  of  the  great 
progress  of  hematology  in  the  last  ten  years,  considerable  of  which  has 
been  in  the  realm  of  leukemia,  tlie  literature  shows,  even  in  funda- 
mental matters,  much  that  is  obscure  and  unintelligible.  This  is  true 
especially  of  the  differentiation  of  the  different  forms  of  leukemia. 

Though  from  a  purely  clinical  standpoint  a  lymphatic,  lienal, 
lienomeduUary,  and  a  pure  medullary  (myelogenic)  form  of  leukemia 
are  differentiated,  these  are  characterized  by  purely  external  phenomena 
which  hematology  can  not  follow. 

Neumann  first  demonstrated  that  the  lymphoid  growth  in  lymphatic 
leukemia  is  not  limited  to  the  lymph-glands,  but  may  be  found  too  in 
•the  spleen  and  bone-marrow.  This  hyperplastic  process  may  produce  a 
considerable  enlargement  of  the  spleen  without  any  alteration  in  the 
specific  character  of  the  leukemic  process  or  of  the  blood-finding.  In 
spite  of  the  splenic  tumor,  then,  one  has  to  do  with  a  pure  lymphatic 
leukemia,  although  such  a  case  would  be  designated  clinically  as  lym- 
phatic lienal  leukemia.  The  indefiniteness  and  incorrectness  of  such 
a  designation  are  most  clearly  shown  in  another  form  of  leukemic 
metastasis.  The  liver,  for  instance,  may  manifest  a  considerable  in- 
crease in  size  in  lymphatic  leukemia,  due  to  a  lymphoma  formation,  and 
following  out  the  previous  rule  it  should  be  described  as  a  "  lymphatic- 
hepatic  form  "  of  leukemia.  In  fact,  this  designation  would  be  by  no 
means  so  confusing  as  that  of  lymphatic  lienal,  for  no  one  could  con- 
ceive that  liver-cells  occurred  in  the  blood,  while  the  last-mentioned 
term  leads  to  no  other  conclusion  than  that  specific  splenic  cells  par- 
ticipate in  the  blood-picture. 
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Further,  the  assumption  of  a  pure  lienal  form  of  leukemia  is  proved 
entirely  unjustifiable  by  hematologic  investigation.  After  what  has 
been  said  on  the  physiologic  participation  of  the  spleen  in  the  formation 
of  blood,  the  probability  of  a  blood-cliange,  attributable  exclusively  to 
disease  of  the  spleen,  is  almost  beyond  conception.  Moreover,  pathology 
confirms  this  view  ;  at  least  Ehrlich,  in  a  very  large  number  of  cases, 
has  never  succeeded  in  demonstrating  from  blood  examinations  a  purely 
lienal  form.^ 

The  conditions  of  myelogenic  leukemia  are  similar,  inasmuch  as  the 
spleen  or  lymph-glands  may  show  metastatic  foci  of  myeloid  tissue. 
Since  the  growth  of  myeloid  tissue,  and  not  the  accompanying  swelling 
of  the  spleen  or  the  lymph-glands,  is  the  specific  process,  the  designa- 
tion "  lienonu'dullary  or  medullary  lymphatic "  must  be  considered  as 
illogical  and  confusing. 

From  a  hematologic  standpoint,  therefore,  only  two  forms  of 
leukemia  may  be  differentiated  : 

1.  I^eukemic  processes  associated  with  the  growth  of  lymphoid 
tissue — "  /ipiijjhatic  leukemia." 

2.  Leukemic  processes  associated  with  the  growth  of  myeloid  tissue 
— "  myelogenic  leukemia." 

For  the  accompanying  clinical  symptoms  one  is  justified  in  making 
simple  additions  that  will  not  confuse — e.g.,  "lymphatic  leukemia  with 
enlargement  of  the  liver  or  spleen,"  "  myelogenic  leukemia  with  swell- 
ing of  the  lymph-glands,"  etc. 

From  present  knowledge,  though  this  is  certainly  not  very  definite, 
one  may  assume  that  lymphatic  and  myelogenic  leukemia  have  a  dif- 
ferent etiology,  especially  after  Lowit's  recent  finding  of  plasmodium- 
like  forms  within  the  Avhite  blood-corpuscles  in  myelogenic  which  are 
absent  in  lymphatic  leukemia, 

A  differentiation  of  lymphatic  from  myelogenic  leukemia  is  further 
evident  from  the  fundamental  difference  in  their  general  clinical  pictures. 

Lymphatic  leukemia  is  divided  clinically  into  two  forms  that  are 
differentiated  readily  from  one  another.  First,  acute  lymphatic  leukemia, 
which  is  characterized  by  its  rapid  course,  by  the  small  size  of  the 
splenic   tumor,  an  inclination  to  petechia  and  to  a  general  hemorrhagic 

'  As  a  characteristic  example,  may  be  mentioned  a  case  observed  by  Ehrlich  a  short 
time  ago.  A  woman  was  injured  in  the  region  of  the  spleen  by  a  fall  from  a  scuttle- 
hole  in  a  roof,  and  the  injury  was  followed  by  a  gradual  but  considerable  enlargement 
of  the  spleen.  Since  no  other  clinical  symptoms  were  evident,  the  surgeon  treating  her 
diagnosed  i>ure  lienal  leukemia,  and  proposed  splenectomy.  Examination  of  the  blood, 
liowevcr,  showed  the  appearance  of  myelogenic  leukemia,  and  the  operation  was  not" 
undertaken. 
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diathesis.  Its  foudroyante  course  invariably  produces  the  impression 
of  an  acute  infectious  disease. 

The  second  form  of  lymphatic  leukemia  is  differentiated  from  the 
preceding  by  its  chronic,  frequently  very  protracted  course.  The  spleen 
usually  shows  its  participation  by  a  considerable  enlargement.  Still 
the  investigations  are  as  vet  too  few  to  determine  whether  chronic 
lymphatic  leukemia  represents  a  single  disease  or  must  be  separated 
etiologically  into  subclasses.  Hematologically  every  lymphatic  leukemia 
is  characterized  by  a  marked  predominance  of  the  lymph-cells,  especially 
of  the  larger  forms.  The  writer  wishes  to  insist  expressly  that  the 
number  of  enlarged  lymph-cells  is  by  no  means  characteristic  of  acute 
lympliatic  leukemia,  since  chronic,  even  very  protracted  cases  show  the 
same.  For  instance,  in  such  a  case  in  Gerhardt's  clinic  all  the  investi- 
gators (Grawitz,  v.  Noorden,  Ehrlich)  observed  these  large  cells  through- 
out the  entire  course.  Corresponding  to  previous  conclusions  (see  p.  84), 
the  writer  considers  that  the  increase  of  lymph-cells  in  the  blood  in 
lymphatic  leukemia  is  the  result  of  a  passive  floating  in  of  these  ele- 
ments, and  not  an  active  emigration  following  chemic  irritation. 

Myelogenic  leukemia  presents  a  totally  different  picture.  In  earlier 
times  a  differentiation  of  myelogenic  leukemia  from  simple  leukocytosis 
was  very  difficult — in  fact,  both  conditions  were  regarded  as  only  a 
difference  in  degree  of  the  same  pathologic  process,  and  it  was  assumed 
that  when  the  proportion  of  tlie  whites  to  the  reds  exceeded  a  definite 
limit  (1  :  50)  leukocytosis  ceased  and  leukemia  began.  The  fundamental 
difference  of  the  two  conditions  was  discovered  only  by  the  aid  of  stain- 
ing methods.  Leukocytosis  is  now  recognized  as  an  increase  of  the 
normal  polynuclear  neutrophile  leukocytes,  while  myelogenic  leukemia 
introduces  elements  into  the  blood  not  found  there  normally.  These 
new  forms  are  so  characteristic  that  the  diagnosis  of  leukemia  is  ]>08si- 
ble  even  in  the  rare  cases  in  which  the  entire  number  of  white  blood- 
corpuscles  is  not  greatly  increased.  The  most  striking  instance  of  this 
sort  known  to  the  writer  is  a  case  of  pronounced  myelogenic  leukemia 
observed  by  v.  Noorden,  in  wliich  the  proportion  of  whites  to  reds  was 
only  1  :  200. 

Though  misunderstandings  and  confusion  are  encountered  in  tlie 
literature  in  regard  to  the  blood  picture  of  myelogenic  leukemia  so 
shar])ly  described  by  Ehrlich,  the  responsibility  for  them  must  be  laid 
to  errors  on  the  part  of  the  observers.  It  has,  for  instance,  happened 
that  inexperienced  observers  described  cases  of  lympliatic  leukemia  as 
myelogenic.  The  apparent  deviations  found  under  these  circumstances 
have    been    quoted  from    one    book    t<j   another    as    remarkable  cases. 
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Again,  the  characteristic  elements  necessary  to  a  diagnosis — c.  g,,  the 
neutrophile  myelocytes — have  often  remained  unrecognized  on  account 
of  defective  staining  technic.  Another  fertile  source  of  misunderstand- 
ing lies  in  the  fact  that  the  typical  leukemic  picture  may  be  altered 
under  the  influence  of  complicating  diseases ;  for  instance,  the  specific 
character  of  the  blood-picture  may  be  more  or  less  obliterated  by  the 
occurrence  of  an  ordinary  leukocytosis  the  result  of  a  secondary 
infection.  These  conditions  should  naturally  be  considered  separately, 
and  ought  not  to  be  allowed  to  subvert  the  general  disease-picture. 
Nobody  would  deny  the  diagnostic  importance  of  glycosuria  in  diabetes 
because  in  conditions  of  inanition  the  sugar  may  completely  disappear, 
although  the  diabetes  continues,  or  undervalue  the  symptom  of  enlarge- 
ment of  the  spleen  in  tyjihoid  fever  because  it  occasionally  disappears 
as  a  result  of  an  intestinal  hemorrhage. 

From  these  considerations  it  is  evident  that  the  description  of  leu- 
kemic blood  should  be  made  from  uncomplicated  cases  and  by  the  aid  of 
established  methods.  Under  these  circumstances  such  a  characteristic 
picture  is  obtained  that  the  diagnosis  of  leukemia  can  be  made  with 
absolute  certainty  from  the  blood  preparation  alone.  It  is  necessary  to 
insist  on  this  fact  observed  hundreds  of  times,  since  several  recent 
writers  on  hematology  refuse  to  recognize  its  full  significance.  For 
instance,  v.  Limbeck,  in  the  latest  edition  of  his  clinical  pathology  of 
the  blood,  says  :  "  An  unqualified  diagnosis  of  lienomedullary  leukemia 
can  not  be  made  from  the  blood  alone — that  is,  from  the  presence  of 
one  or  several  cells.  It  is  necessary  to  consider  not  only  the  general 
picture  of  the  case,  but  also  the  general  picture  of  the  blood-finding." 
Atiainst  this  the  writer  asserts  that  an  intelligent  hematologist  has  never 
diagnosticated  a  leukemia  "  from  one  or  several  cells."  At  least,  in 
the  work  of  Ehrlich  and  his  pupils,  the  character  of  a  leukemia  is 
determined  only  by  the  occurrence  of  a  great  number  of  individual 
symptoms,  each  one  of  which  is  indispensable  for  the  diagnosis,  and 
which  become  convincing  only  when  taken  together.  Under  these  con- 
ditions the  niicroscoj)ic  examination  of  the  stained  blood,  apart  from 
any  other  diagnostic  aid,  suffices  to  determine  whether  leukemia  is  pres- 
ent, and  whether  this  is  of  the  lymphatic  or  myelogenic  variety. 

Myelogenic  leukemia,  omitting  an  almost  invariable  marked  increase 
of  M'hite  blood-corpuscles,  is  characterized  microscopicaUy  by  a  varie- 
gated and  varying  ])icture.  This  is  produced  by  the  intercurrence 
of  diifercnt  factors,  namely  : 

A.  That  in  addition  to  the  polynuclear  cells,  their  antecedents,  the 
mononuclear  granular  leukocytes,  are  found  in  the  blood. 
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B.  That  the  participation  of  all  three  types  of  granulated  cells,  the 
neutrophiles,  eosinophiles,  and  mast-cells,  contributes  to  the  increase  of 
the  white  blood-corpuscles. 

C.  That  atypical  cell-forms — e.  g.,  dwarf  forms  of  different  kinds 
of  white  blood-corpuscles,  and  mitotic  figures — are  discovered. 

D.  That  the  blood  contains  invariably  nucleated  red  blood-corpuscles, 
often  in  large  numbers. 

1.  We  may  begin  with  a  discussion  of  the  mononuclear  neutrophile 
cells,  Ehrlich's  "  myelocytes."  These  are  present  in  such  large  numbers 
in  the  blood  of  medullary  leukemia  that  they  give  a  mononuclear 
character  to  the  whole  picture.  As  has  been  stated,  myelocytes 
normally  occur  in  the  bone-marrow,  but  not  in  the  circulating  blood. 
Their  immense  importance  in  the  diagnosis  of  medullary  leukemia,  in 
which  they  have  been  regularly  found  by  the  best  investigators,  is  in 
no  way  lessened  by  their  transitory  occurrence  in  several  other  condi- 
tions (see  pp.  68  and  69).  Though,  according  to  Turk's  investigations, 
they  are  occasionally  found  at  the  crisis  of  a  pneumonia,  as  an  accom- 
panying condition  in  the  general  leukocytosis,  the  danger  of  a  confusion 
with  leukemia  does  not  in  the  least  arise.  This  is  prevented  by  :  (1) 
the  much  smaller  increase  in  white  cells  generally  ;  (2)  the  diminution 
of  eosinophiles  and  mast-cells  ;  (3)  the  fact  that  the  myelocytes  of  leu- 
kemic blood  are  almost  always  considerably  larger ;  (4)  the  predominant 
polynuclear  character  of  the  leukocytosis,  which  is  not  concealed  by  the 
small  number  of  myelocytes  (at  most  12  per  cent.) ;  and  (5)  the  incompar- 
ably smaller  absolute  number  of  myelocytes.  In  a  pronounced  case  of 
Turk's,  for  instance,  in  which  the  percentage  of  myelocytes  was  11.9, 
their  absolute  number  amounted  at  most  to  1000  per  c.mm.  This 
number  can  not  be  compared  with  that  occurring  in  leukemia,  in  which 
50,000  to  100,000  myelocytes  or  more  per  c.mm.  are  found  in  by  no 
means  extreme  cases. 

2.  The  Mononuclear  Eosinophile  Cells. — Even  before  the  introduction 
of  staining,  Mosler  had  pointed  out  large  coarsely  granular  cells,  "  Mark- 
zellen,"  as  characteristic  of  myelogenic  leukemia.  These  are  in  great 
part  identical  with  the  mononuclear  eosinophile  cells  to  which  Miiller 
and  Rieder  devoted  special  attention,  and  which  they  considered  the 
eosinophile  analogues  of  the  preceding  group.  They  are  large,  coarse 
elements  with  an  oval  relatively  feebly  staining  nucleus.  Though  they 
are  undeniably  a  valuable  characteristic  of  leukemia,  their  significance 
is  much  less  than  that  of  the  mononuclear  neutrophile  cells  on  account 
of  the  numbers  of  the  latter.     The  presence  of  "  eosinophile  myelo- 
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cytes  "  is  not  an  absolute  proof  of  leukemia,  since  they  sometimes  occur 
in  small  numbers  in  other  diseases. 

3.  The  Absolute  Increase  of  EosinophUe  Cells. — It  was  stated  by 
Ehrlieh  in  his  first  work  on  leukemia  that  the  absolute  number  of 
eosinophiles  was  invariably  increased  in  myelogenic  leukemia.  This 
statement  did  not  remain  uncontradicted,  and  v.  Limbeck,  in  his  text- 
book, speaks  of  an  "  alleged  "  increase  of  eosinophile  cells.  It  was  the 
well-known  work  of  Miiller  and  Rieder  that  gave  rise  to  this  opposition 
and  aroused  suspicion  as  to  the  diagnostic  importance  of  eosinophile 
cells.     Still,  these  writers  based  their  contradiction  on  false  premises. 

Ehrlicii  did  not  affirm  an  increase  in  the  percentage  of  eosinophiles, 
but  only  in  their  absolute  numbers.  When  a  normal  percentage  of 
eosinophiles  is  found  in  a  case  of  leukemia,  this  invariably  indicates  a 
considerable  absolute  increase,  and  Miiller  and  Rieder  would  have  found 
Ehrlich's  assertion  confirmed  if  they  had  reckoned  the  absolute  numbers 
in  several  of  their  cases.  Selecting  from  the  seven  cases  studied  in 
their  work  those  in  which  it  is  possible  from  the  given  data  to  show  the 
absolute  number  of  eosinophile  cells,  it  is  found  that : 

Case  29 3.5  per  cent,  eosinophiles  14,000  per  c.mm. 

"30 3.9         "  "  8,000    " 

"31 3.4         "  "  11,000    "        " 

In  contrast  to  the  number  of  eosinophiles  stated  by  Zappert  to  be  a 
high  normal,  namely,  250  eosinophiles,  in  these  cases  an  average  of 
11,000,  or  almost  fifty  times  that  number,  is  found.  The  findings  of 
Miiller  and  Rieder,  therefore,  fully  confirmed  Ehrlich's  assertion. 

The  ab-solute  number  of  eosinophile  cells  depends  to  a  certain 
extent  on  the  relative  proportion  of  whites  and  reds,  and  is  increased 
in  proportion  to  the  general  increase  in  leukocytes.  Zappert  found — 
e.  (J. — in  his  cases  the  following  figures  : 

Relation  of  white  to  red  Absolute  number  of 

blood-corpuscles.  eosinophiles. 

1  :  24 3,000-4,560 

1:18 3,300 

1  :  15 7,000 

1:13 8,700 

1:11 6,000 

1:7.6 8,300 

1  :  7.0 7,600 

1 :  7.0 29,000 

1  :  5.0 14,000 

1  :  3.8 34,000 

Apart  from  the  general  correspondence  of  the  two  series  of  figures, 
this  summary  shows  the  minimum,  3000  eosinophiles,  with  a  propor- 
tion of  whites  to  reds  of  1  :  24,  still  fifteen  times  above  the  normal. 
The  maximum  number  of  30,000  found  by  Zappert  is  by  no  means  an 
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extreme,  for  cases  of  leukemia  are  not  at  all  rare  in  which  100,000  and 
more  eosinophils  per  c.mm.  are  found. 

After  a  glance  at  these  figures  it  must  be  admitted  that  the  absolute 
increase  of  eosinophile  cells  in  medullary  leukemia  is  not  "  alleged " 
(v.  Limbeck),  but,  on  the  contrary,  decidedly  real  and  considerable. 

Though  as  a  result  of  complications,  like  sepsis,  the  absolute  and 
relative  number  of  eosinophile  cells  in  leukemia  may  decrease,  this  can 
not  be  considered  a  deviation  from  the  rule  that  the  eosinophile  cells 
are  increased  in  myelogenic  leukemia.  For  even  here  it  is  only  neces- 
sary to  observe  the  obvious  principle  of  comparing  analogous  conditions 
with  one  another.  The  blood  of  a  leukemic  patient  aifected  with  severe 
sepsis  should  not  be  compared  with  that  of  health,  but  with  that  of  a 
person  likewise  aifected  with  severe  sepsis.  In  sepsis  it  is  known  that 
the  number  of  eosinophiles  decidedly  decreases,  so  that,  for  instance, 
Zappert  in  five  such  cases  was  unable  to  find  any  eosinophiles  in  the 
blood.  In  contrast  to  this  there  is  a  case  of  myelogenic  leukemia 
described  by  Miiller  and  Rieder  which  was  complicated  by  a  severe 
suppurative  process  that  terminated  fatally.  As  a  result  of  the  acute 
neutrophile  leukocytosis  produced  by  the  septic  infection,  the  number 
of  eosinophiles  sank  rapidly  from  3.5  to  0.43  per  cent,  (four  hours  ante 
mortem).  Still  the  absolute  number  of  eosinophile  cells  at  this  terminal 
stage  amounted  to  1400-1500  per  c.mm.,  which  in  comparison  with  a 
simple  sepsis  is  a  great  excess.  It  is,  therefore,  unjustifiable  from 
such  cases  to  contest  the  diagnostic  significance  of  eosinophile  cells  in 
leukemia,  since  they  actually  show  a  striking  confirmation  of  the  con- 
stancy of  the  rule. 

At  the  time  when  Ehrlich  stated  the  principle  of  the  diagnostic 
significance  of  eosinophiles  in  leukemia,  simple  eosinophile  leukocytosis 
(see  p.  112)  was  not  known,  and  was  discovered  only  later  in  asthma 
and  other  conditions.  Yet  this  does  not  subvert  the  applicability  of 
this  rule,  since  a  confusion  of  the  other  conditions  producing  eosino- 
philia  with  leukemia  is  absolutely  excluded,  as  they  show  no  other 
clinical  resemblances  and  the  blood-picture  difi^ers  in  several  important 
particulars  :  (1)  the  total  increase  of  white  cells  rarely  reaches  numbers 
which  recall  leukemia  ;  (2)  the  (non-leukemic)  eosinophile  leukocytoses 
are  exclusively  polynuclear ;  (3)  mast-cells  and  neutrophile  myelocytes 
are  almost  entirely  wanting. 

The  diagnostic  significance  of  an  absolute  increase  of  eosinophile 
cells  is  further  shown  by  cases  in  which,  with  a  blood-picture  recalling 
leukemia,  the  absence  of  eosinophile  cells  excluded  such  a  diagnosis. 
Thus,  for  instance,  in  a  case  of  carcinoma  of  the  bone-marrow  described 
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by  Epstein,  there  was  found  a  condition  of  anemia,  which  is  almost 
always  present  in  leukemia,  together  with  a  very  marked  increase  of 
white  blood-corpuscles,  numerous  neutrophile  myelocytes,  and  nucleated 
red  blood-corpuscles.  Everyone  who,  like  Miiller  and  Rieder,  con- 
siders the  number  of  eosinophiles  not  essential  to  the  diagnosis,  must 
have  diagnosticated  a  myelogenic  leukemia,  yet,  following  Ehrlich's 
rule,  this  would  have  been  absolutely  excluded  by  the  absence  of 
eosinophiles. 

It  appears,  therefore,  that  an  absolute  increase  of  eosinophile  cells 
must  be  regarded  as  indispensable  in  the  diagnosis  of  leukemia. 

4.  The  Absolute  Increase  of  Mast-celh. — Mast-cells  are  invariably 
increased  in  myelogenic  leukemia.  They  may  be  recognized  and 
counted  either  by  the  triacid  or  the  eosin-mythelene-blue  stain.  Under 
the  action  of  the  first  they  appear  as  polynuclear  non-granular  cells, 
since  their  granulations  do  not  take  up  any  of  the  triacid  constituents, 
and  in  Uthemann's  dissertation  they  were  thus  described.  It  was  only 
later  that  Ehrlich  recognized  them  as  mast-cells,  and  he  was  confirmed 
among  others  by  C.  S.  Engel. 

The  increase  of  mast-cells  in  all  cases  of  myelogenic  leukemia  is 
absolute  and  considerable.  Ordinarily  they  are  half  or  possibly  quite 
as  numerous  as  the  eosinophiles,  but  they  sometimes  exceed  them  in 
number.  It  is  consequently  obvious  that  the  mast-cells  undergo  a 
comparatively  greater  increase  than  the  eosinophiles,  since  they  normally 
amount  to  about  0.28  per  cent.  Their  diagnostic  importance  in  myelo- 
genic leukemia  is  probably  greater  than  that  of  the  eosinophile  cells 
for  the  reason  that  up  to  the  present  no  other  condition  is  known  in 
which  there  is  a  marked  increase  of  the  mast-cells. 

5.  Ati/j)ical  forms  of  white  blood-corpuscles:  (a)  Dwarf  forms  of 
polynuclear  neutrophiles  and  eosinophiles  were  first  described  by  Spilling 
in  leukemia.  As  a  rule  they  represent  normal  polynuclear  cells  in 
smaller  forms.  (/>)  Dwarf  forms  of  mononuclear  neutrophiles  and 
eosinf)philes  are  also  found,  and  correspond  to  the  pseudolymphocytes 
described  in  another  place  (see  p.  69).  The  significance  of  dwarf  forms 
in  leukemia  is  not  clear,  and  it  is  difficult  to  decide  whether  they  enter 
the  circulation  as  such  or  decrease  in  size  in  the  circulation  by  division 
and  contraction,  (c)  Cells  showing  mitoses.  Formerly  considerable  sig- 
nificance was  attached  to  mitoses  in  leukemic  blood,  under  the  supposi- 
tion that  they  indicated  an  increase  of  white  blood-cells  by  a  pi:ocess 
of  division  in  tiie  circulation.  This  assumption  was  especially  advo- 
cated by  lA»wit.  A  number  of  authorities  (H.  F.  Miiller,  Wertheim, 
Rieder)  have  demonstrated  mitoses,  especially  of  the  myelocytes,  in  the 
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circulating  blood  in  leukemia.  Still  no  diagnostic  value  can  be  at- 
tributed to  them.  In  the  first  place,  they  become  evident  only  on  the 
employment  of  special  stains ;  and  secondly,  they  are  invariably  present 
in  extremely  small  numbers.  Miiller,  for  instance,  declared  that  he  was 
ordinarily  obliged  to  examine  thousands  of  white  blood-corpuscles 
before  meeting  one  in  mitosis.  He  found  only  one  case  in  which  the 
karyokinetic  figures  were  in  larger  numbers,  and  even  here  there  was 
only  one  in  mitosis  among  several  hundred  leukocytes.  This  practically 
negative  finding  teaches  that  the  mitoses  play  a  much  too  subordinate 
role  to  indicate  that  they  are  of  any  significance  as  far  as  the  increase 
of  cells  in  the  blood  is  concerned. 

6.  Nuclented  Red  Blood-corpuscles. — These  are  a  constant  constituent 
of  leukemic  blood.  In  different  cases  their  numbers  vary  considerably. 
In  one  they  are  extremely  scanty,  in  another  every  field  contains  many 
of  them.  The  normoblastic  type  is  found  most  frequently,  though 
megaloblasts  and  transitions  between  the  two  forms  are  not  infrequent. 
Mitoses  of  the  erythrocytes  have  been  described  by  different  writers, 
though  they  possess  no  theoretic  or  clinical  significance. 

The  occurrence  of  erythroblasts  in  leukemia  may  be  either  a  specific 
symptom  or  only  an  expression  of  the  anemia  accompanying  the 
leukemia.  The  writer  is  inclined  to  decide  in  favor  of  the  former,  since 
such  immense  numbers  of  nucleated  red  cells  are  practically  never 
observed  in  other  anemias. 

So  much  for  the  individual  elements  of  leukemic  blood,  on  which 
the  diagnosis  of  the  disease  is  based.  Still,  it  must  be  added  that  though 
every  individual  element  is  found  in  every  case  of  medullary  leukemia, 
its  manner  of  occurrence  and  its  numerical  ratio  to  others  are  extremely 
variable.  Apart  from  the  increase  in  leukocytes,  every  case  is  different ; 
in  one  case  the  blood-picture  is  dominated  by  mononuclear  neutrophiles 
with  large  nuclei  ;  in  another  the  increase  of  eosinophiles  is  most  con- 
spicuous ;  in  a  third  the  nucleated  red  blood-corpuscles  predominate  ; 
in  a  fourth  the  blood  is  filled  with  mast-cells.  Therefore,  such  an 
abundance  of  combinations  is  found  that  every  single  case  possesses  an 
individual  stamp.^ 

The  study  of  the  alterations  of  the  blood  in  medullary  leukemia 
under  the  influence  of  certain  intercurrent  aflPections  is  decidedly  im- 
portant. From  the  recent  investigations  of  A.  Fninkel,  Lichtheim, 
and  others,^  it  appears  that  under  the  influence  of  febrile  diseases  the 

'  Elirlich  once  succeeded  in  recognizing,  by  estimations  of  the  difleient  cell-forms, 
the  specimens  belonging  to  ten  diflerent  cases  of  leukemia,  the  labels  of  which  were  lost. 
^  For  the  literature  <in  the  subject,  see  A.  Fninkel. 
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number  of  leukocytes  may  experience  an  extraordinary  decrease.  The 
character  of  the  blood  alters  in  such  a  way  that  the  myelemic  elements 
become  less  conspicuous,  while  the  polynuclear  neutrophiles  come  more 
to  the  front.  These  may  reach  percentages  such  as  are  seen  in  ordinary 
leukocytoses,  of  90  per  cent,  and  over.  Further  details  in  regard  to 
these  remarkable  cases,  their  theoretic  significance,  and  their  clinical 
course,  have  been  reserved  for  the  special  part  on  Leukemia. 

Here  only  certain  rare  cases  will  be  alluded  to  which  demand  atten- 
tion on  account  of  such  a  transformation  of  the  leukemic  blood  that  the 
diagnosis  was  made  exceedingly  difficult  or  almost  impossible.  In  the 
literature  only  one  such  case  is  found.  Zappert  reports  the  case  of  a 
female  patient  who,  in  February,  1892,  presented  the  typical  picture 
of  myelogenic  leukemia;  among  other  symptoms  the  proportion  of 
whites  to  reds  was  1  :  4.92,  with  1400  eosinophiles  per  c.mm.,  or  3.4 
per  cent.  At  the  end  of  September,  in  the  same  year,  when  the  patient 
was  brought  into  the  hospital,  where  she  quickly  died  of  progressive 
inanition,  the  count  showed  a  proportion  of  whites  to  reds  of  1  :  1.5, 
an  eosinophile  percentage  of  0.43,  and  about  70  per  cent,  of  mononuclear 
leukocytes,  the  majority  of  which  were  free  from  neutrophile  granula- 
tions. Moreover,  Zappert  expressly  insists  that  the  whole  appearance 
of  these  cells  differed  from  that  of  lymphocytes.  At  the  autopsy 
Zappert  found  in  the  bone-marrow  large  numbers  of  non-granular 
mononuclear  cells  and  a  much  smaller  number  of  eosinophile  cells  than 
is  usual  in  leukemia.  A  second  case  of  this  kind  was  examined  by 
Dr.  Blachstein,  under  Ehrlich's  direction.  The  patient  in  question  had 
been  subjected  to  an  accurate  clinical  examination  some  time  before  on 
account  of  myelogenic  leukemia.  After  admission  to  the  hospital  the 
blood  examination  was  made  only  one  day  before  the  exitus  lethalis, 
which  was  the  immediate  result  of  a  septic  complication.  The  blood 
showed  a  marke<lly  leukemic  character  with  62  per  cent,  polynuclear 
cells,  17.5  per  cent,  mononuclear  non-granular  myelocytes  of  about 
ordinary  size,  0.75  per  cent,  eosinophile  cells,  and  moderate  numbers 
of  nucleated  red  blood-corpuscles.  The  predominance  of  polynuclear 
cells  and  the  small  number  of  eosinophiles  are  readily  explained  by  the 
septic  infection,  though  the  absence  of  granules  in  the  mononuclear 
cells  is  striking. 

These  two  observations  can  be  explained  only  by  the  assumption  that 
in  certain  terminal  stages  the  organism  loses  its  power  of  elaborating 
neutrophile  substances.  Analogous  conditions  are  also  found  in  non- 
leukemic  diseases,  for  instance,  the  case  of  post-hemorrhagic  anemia 
described  by  Ehrlich.     It  is  very  important  to  recall  these  rare  cases, 
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thus  far  but  little  studied,  since  ignorance  of  them  may  give  rise  to 
errors  as  to  the  origin  of  the  mononuclear  cells  and  to  the  diagnosis  of 
lienal  leukemia. 

In  conclusion,  the  writers  wish  to  take  up  the  important  question 
of  the  origin  of  the  myelemic  constituents  of  the  blood.  According 
to  their  explanation,  two  possibilities  must  be  considered,  either  a  passive 
inundation  or  an  active  emigration  of  the  bone-marrow  elements  into 
the  circulation.  This  important  and  difficult  question  is  by  no  means 
ready  for  decision.  The  most  serious  objection  raised  against  the  active 
emigration  of  the  bone-marrow  cells  is  deduced  from  the  behavior  of 
the  white  blood-corpuscles  on  a  warm  stage.  Such  investigations  were 
undertaken  by  a  number  of  men,  of  whom  must  be  mentioned  Biesia- 
decki,  Neumann,  Hayem,  Lowit,  Mayet,  Gilbert,  and  especially  H.  F. 
Miiller.  All  these  investigators  agree  that  the  lymphocytes  under  no 
circumstances  show  the  slightest  motility,  while  the  polynuclear  neutro- 
philes  are  invariably  motile.  [A  number  of  recent  investigators  have 
come  to  the  conclusion  that  the  lymphocytes  are  actively  ameboid,  and 
the  contention  seems  to  be  conclusively  established  by  the  studies  of 
Maximow,^  Almkvist,^  Hirschfeld,^  Mosse,*  Flexner,^  Bunting,*  and 
Wolff.^ 

In  this  connection  the  view  of  Prof.  Welch  is  of  interest.  He  has 
always  held  that  evidence  in  support  of  the  movement  of  the  lympho- 
cytes was  conclusive,  and  was  led  to  that  belief  especially  by  the  obser- 
vations of  Gilchrist  in  urticaria.  He  found  that  they  accumulate 
within  fifteen  minutes  of  the  application  of  an  irritant,  evidence  that 
there  must  be  active  migration  of  the  lymphocytes. — Ed.]  . 

As  far  as  the  elements  most  characteristic  of  leukemia,  namely,  the 
myelocytes,  are  concerned,  the  literature  is  contradictory.  Some 
authorities  deny  all  motility  to  these  cells,  though  the  majority  report 
slight  movement  which  renders  the  negative   results  valueless.     In  a 

*  "  Experimentelle  Untersuchungen  iiber  die  entziindliche  Neubildung,"  Ziegler's 
Beitrdge,  5tes  Supplementheft,  1 902. 

*  "Ueber  die  Emigrations-filhigkeit  der  Lyniphocyten,"  Virchmi^s  Archiv,  1902,  vol. 
clxix.,  p.  17. 

•^  "  Sind  die  Lyniphocyten  amiiboider  Bewegung  filhig,"  Berlin,  klin.  Woehenschr., 
1901,  vol.  xxxviii.,  p.  1019. 

*  "Zur  Histogenese  der  lymphatischen  Leukeniie,"  Zeitschr.  fiir  klin.  Med.,  1903,  vol. 
i.,  p.  70. 

^  "  The  Pathology  of  Lymphotoxic  and  Myelotoxic  Intoxication,"  Univ.  of  Penna. 
Med.  Bull.,  1902,  vol.  xv.,  p.  237. 

®  "  The  Effects  of  Lymphotoxin  and  Myelotoxin  on  the  Leukocytes  of  the  Blood 
and  on  the  Blood-forming  Organs,"  Ibid.,  1903,  vol.  xvi.,  p.  200. 

'  Arch,  de  Med.  experim.,  1902,  xiv.,  6,  p.  754. 
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recently  published  careful  work  from  the  College  de  France,  Jolly- 
makes  a  similar  statement,  namely:  "  C'etaient  des  changements  de 
forme  sur  place,  leuts  et  pen  considerables,  formations  de  bosselures  a 
grands  rayons,  passage  d'une  forme  arrondie  a  une  forme  ovalaire  ou 
bilobee,  etc.  Ces  mouvements  ^taient  visibles  dans  les  observations  I 
et  IV  et  appartenaient  surtout  ix  des  globules  de  grande  taille."  It  is 
naturally  impossible  to  decide  if  this  slight  motility  is  sufficient  to 
indicate  independent  locomotion,  though  a  further  observation  of 
Jolly's  relative  to  the  mononuclear  eosinophilo  myelocytes  seems  to 
support  it.  So  far  it  has  been  generally  believed  that  the  latter  possess 
no  independent  motility,  yet  in  a  recent  case  of  typical  leukemia  Jolly 
found  almost  all  the  eosinophile  cells  on  the  preparation  in  active 
movement.  He  says  :  "  Ces  globules  granuleux  acrifs  pr^sentaient  des 
mouvements  de  progression  et  des  changements  de  forme  caract^ris- 
ti(pies  et  rapides ;  ce])endant  je  u'ai  pas  vu  ces  globules  presenter  de 
pseudopodes  effiles  ;  do  j)lus,  leurs  contours  restaient  presque  toujours 
assez  nettcment  arrotes.  Ces  particularites  correspondent  exactement  a 
la  description,  qu'a  donnee  depuis  longtemps  Max  Schultze  des  mouve- 
ments des  cellules  granuleuses  du  sang  normal."  The  examination  of 
the  stained  specimen  from  this  same  case  showed  that  the  blood  con- 
tained, as  was  to  be  expected,  both  polynuclear  and  mononuclear  eosino- 
phile cells.  Contrary,  therefore,  to  all  previous  observers,  Jolly  per- 
ceive<l  a  lively  active  motility  of  the  mononuclear  eosinophile  cells. 
That  this  ameboid  movement  of  the  mononuclear  cells  is  rarely  seen,  is 
due  not  to  lack  of  function  per  se,  but  to  defective  methods  of  examina- 
tion, which  are  obviously  rough  and  ill  adapted  to  this  delicate  biologic 
process.  Wiiat  effects  these  methods  can  produce  on  cells  of  incon- 
testable motility,  is  shown  by  numerous  examples  in  the  literature. 
Rieder,  for  instance,  in  a  case  of  malignant  lymphoma  failed  to  find 
any  motility  in  the  majority  of  the  polynuclear  neutrophiles,  though 
according  to  all  experience  this  is  a  property  which  they  invariably 
possess. 

The  conclusion,  therefore,  seems  evident  that  the  motility  of  the 
raononuclear  cells,  both  eosinophile  and  neutrophile,  seems  slight  on 
account  of  the  rough  methods  of  examination  ;  as  a  matter  of  fact,  the 
movement  is  undoubtedly  sufficient  for  emigration. 

Another,  but  nuuh  less  important  objection  to  the  consideration  of 
myelogenic  leukemia  as  an  active  leukocytosis,  is  that  the  pus  produced 
artificially  in  leukemic  patients  almost  always  consists  of  the  same 
histologic  elements  as  ordinary  pus.  Still,  from  what  has  been  said, 
only  a  myelemic  pus  could  be  expected  when   the  specific  virus  of 
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leukemia  was  present  in  a  concentrated  form  at  the  site  of  inflamma- 
tion. In  Neusser's  pemphigus  case  an  eosinophile  suppuration  was 
seen  only  in  the  idiopathic  pemphigus  vesicles,  not  in  the  artificially 
produced  foci  of  suppuration.  Moreover,  it  is  known  that  the  myelo- 
cytes are  not  at  all  positively  influenced  by  the  chemotactic  irritation  of 
ordinary  infectious  agents  ;  on  the  contrary,  judging  from  the  previous 
observations  on  the  transformation  of  the  leukemic  blood-picture  under 
the  influence  of  infectious  diseases,  the  ordinary  bacterial  toxins  have 
negatively  chemotactic  action  on  the  eosinophile  as  well  as  the  neu- 
trophile  mononuclear  cells.  Under  these  circumstances  it  is  only  nat- 
ural to  expect  that  an  artificially  produced  suppuration  in  a  leukemic 
patient  would  not  show  a  myelemic,  but  a  polynuclear  neutrophile 
character. 

It  is  a  problem  for  future  investigation  to  examine  accurately  spon- 
taneous inflammatory  products — e.  g.,  pleuritic  exudates — in  order  to 
find  out  if  under  particular  conditions  all  the  leukocytes  characteristic 
for  leukemia  may  not  be  able  to  emigrate  from  the  blood.  In  one  case 
of  pleurisy  in  a  leukemic  patient  Ehrlich  was  led  to  think  from  a  study 
of  the  preparation  that  a  "  myeloid "  emigration,  involving  all  the 
elements  present  in  the  blood,  had  actually  taken  place.  This  observa- 
tion is  not  absolutely  convincing,  inasmuch  as  it  was  impossible  to 
estimate  exactly  the  ratio  of  the  red  to  the  white  blood-corpuscles  in 
the  exudate.  Such  an  estimation  would  naturally  be  necessary  to  deter- 
mine whether  the  white  blood-corpuscles  actively  emigrated  into  the 
exudate  or  left  the  vessels  })urely  mechanically,  per  rhexin. 

The  assumption  of  an  active  origin  of  myelemia  is  supported  by 
further  considerations.  In  addition  to  the  myelocytes,  the  polynuclear 
leukocytes,  the  active  emigration  of  which  is  beyond  doubt,  are  enor- 
mously increased  in  leukemia.  Now  if  it  is  concluded  that  the  mono- 
nuclear cells  are  passively  forced  into  the  circulation,  we  must  resign 
the  simple  theory  of  uniform  origin  of  the  different  elements  and  fall 
back  on  a  very  elaborate  explanation. 

Moreover,  the  morphologic  alterations  of  leukemic  blood  under  the 
influence  of  infectious  diseases  can  be  logically  explained  only  by  the 
theory  of  emigration.  For  if  the  white  blood-corpuscles  were  mechan- 
ically forced  from  the  bone-marrow,  it  would  be  impossible  to  under- 
stand how  a  bacterial  infection  would  be  able  to  change  the  condition 
to  a  polynuclear  leukocytosis  ;  while  this  is  readily  explained  by  the 
assumption  that  the  ordinary  bacterial  toxins  act  positively  chemotactic 
only  on  the  })()lynuclear  neutrophiles  and  negatively  chemotactic  on  the 
other  forms. 


138  MORPHOLOGY  OF  THE  BLOOD. 

In  regard  to  the  origin  of  the  leukemic  blood-picture,  therefore,  it 
must  be  concluded  that  under  the  influence  of  the  specific  leukemic 
virus  not  only  the  mature  polynuclear  elements,  but  likewise  their 
mononuclear  eosinophile  as  well  as  neutrophile  antecedents  wander  into 
the  blood ;  in  other  words,  myelogenic  leukemia  is  to  be  reckoned  with 
great  probability  among  the  active  leukocytoses. 

DIMINUTION  OF  THE  WHITE  BLOOD-CORPUSCLES  (LEUKOPENIA). 

Diminution  of  the  white  blood-corpuscles  plays  a  very  unimportant 
clinical  role  in  comparison  with  their  increase.  It  occurs  in  only  a  few 
diseases,  and  rarely  reaches  a  high  grade.  The  greatest  decrease  was 
described  by  JCoblank  in  the  following  case,  while  making  systematic 
examinations  in  Furbringer's  ward  :  A  twenty-five  year  old  robust  man 
whose  internal  organs  were  found  healthy,  suffered  from  short  epilepti- 
form attacks,  in  one  of  which  death  occurred.  The  postmortem  examina- 
tion showed  no  cause  for  death.  In  the  course  of  three  days'  observa- 
tion two  blood  examinations  were  made,  of  which  the  first  showed  in 
ten  cover-glass  preparations  not  one  white  blood-corpuscle,  the  second 
in  the  same  number  of  preparations  a  single  example. 

This  remarkable  case  has  been  mentioned  on  account  of  the  extreme 
leukopenia,  such  as  was  never  before  observed.  An  explanation  of  it  is 
impossible  on  account  of  the  vagueness  of  the  whole  case. 

In  general  the  conditions  are  very  well  known  under  which  consid- 
erable diminution  of  the  leukocytes  takes  place.  These  may  be  divided 
into  two  chief  groups  : 

1.  Leukopenia  due  to  destruction  of  a  portion  of  the  white  blood- 
corpuscles  (Lowit). 

2.  Leukopenia  due  to  a  lessened  influx  of  white  blood-corpuscles, 
(rt)  In  infectious  diseases  on  account  of  negative  chemotaxis  ; 

(6)  In  anemias,  etc.,  on  account  of  defective  function  of  the  bone- 
marrow.  [In  this  place,  the  constant  leukopenia  of  certain  cases  of 
so-called  splenic  anemia  should  be  recalled.  In  several  instances  of 
this  sort  under  the  writer's  observation,  the  number  of  leukocytes  has 
remained  very  low  without  exception  during  many  months,  and  even 
such  infectious  diseases  as  pneumonia  and  cellulitis,  that  ordinarily 
provoke  a  decided  leukocytosis,  caused  no  increase,  or,  at  least,  not 
any  increase  above  tlie  lower  normal  number  of  white  cells.  In  these 
cases  there  was  no  special  degree  of  anemia. — Ed.] 

In  the  chajjter  on  Leukocytosis  the  leukopenia  experimentally  pro- 
duced by  Lowit  was  thoroughly  explained  and  it  was  shown  that 
according  to  present  views  tliis  was  the  result  not  of  an  actual  destruc- 


NORMAL   AND  PATHOLOGIC  HISTOLOGY  OF  THE  BLOOD.    139 

tion  of  white  elements,  but  of  an  altered  distribution  within  the  circu- 
lation. 

Among  the  infectious  diseases  associated  witli  a  hypoleukocytosis 
must  be  mentioned,  in  the  first  place,  typhoid  fever.  In  this  the  dimi- 
nution is  mostly  at  the  expense  of  the  poly  nuclear  cells.  Uncompli- 
cated measles  also  usually  runs  its  course  with  a  pronounced  leukopenia 
which  is  especially  conspicuous  during  the  eruption  and  at  the  height  of 
the  exanthem.  These  cases  of  infectious  leukopenia  are  explained  not 
so  much  by  a  destruction  of  white  blood-corpuscles,  as  by  a  decreased 
influx,  which  in  the  case  of  the  polyuuclear  elements  is  to  be  referred 
to  the  presence  of  negatively  chemotactic  substances  in  the  circulation. 

In  certain  cases  of  severe  anemia  leukopenia  has  a  special  signifi- 
cance in  that  it  makes  the  prognosis  unfavorable.  Ehrlich  described  ^  a 
case  of  post-hemorrhagic  anemia  ending  fatally  in  which  a  marked 
diminution  of  the  leukocytes  was  found.  The  count  showed  that  the 
greatest  number  (80  per  cent.)  of  the  white  blood-corpuscles  were  lym- 
phocytes, while  the  polyuuclear  cells  amounted  only  to  14  per  cent, 
(instead  of  the  normal  proportion,  70-72  per  cent.).  No  eosinophiles 
or  nucleated  red  blood-corpuscles  were  observed.  Ehrlich  attributed 
this  to  a  disturbance  of  the  fanction  of  the  bone-marrow,  which  resulted 
in  an  insufficient  production  of  red  and  white  blood-corpuscles.  As  an 
anatomic  basis  for  this  disturbance  of  function,  he  conjectured  that  the 
fat-marrow  of  the  long  tubular  bones  was  not  transformed  into  blood- 
making  red  marrow,  as  is  usually  the  case  in  severe  anemias.  This 
diagnosis  made  intra  vitam  in  two  cases  was  fully  confirmed  by  autopsy. 

Blood-platelets — Blood-dust. — The  blood=-platelets  were  first 
described  by  Hayem,  later  by  Bizzozero,  as  a  third  formed  element  of 
normal  blood.  They  are  round  or  oval,  hemoglobin-free  discs.  Their 
shape  is  extremely  susceptible  to  mechanical,  thermic,  and  chemic 
influences.  Their  size  is  about  3  /i.  They  are  especially  characterized 
by  an  extraordinary  adhesiveness  which  inclines  them  to  form  masses  or 
"  clusters."  This  makes  it  very  difficult  to  separate  the  blood-platelets 
from  the  other  formed  elements,  and  renders  accurate  counting  of  them 
almost  impossible.  The  employment  of  the  ordinary  apparatus  used  in 
the  counting  of  blood-corpuscles  is  decidedly  unsatisfactory,  since  the 
platelets  adhere  to  its  walls.  Previous  investigators — e.  g.,  Bizzozero — 
endeavored  to  counteract  this  obstacle  by  employing  a  special  diluting 
fluid  which  would  prevent  the  running  together  of  the  platelets,  but 
this  did  not  prevent  them  adhering  to  the  wall  of  the  capillary  tube 
of  the  mixing  apparatus  in  considerable  numbers. 
^  Charite-Aimalen,  1888. 
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Brodie  and  Russell  recently  proposed  a  new  mixture  in  which  the 
platelets  remain  isolated  and  are  at  the  same  time  stained.  The  blood 
drop  is  allowed  to  issue  from  the  wound  into  a  drop  of  the  solution, 
and  they  estimate  the  number  of  platelets  from  their  relation  to  the  red 
blood-corpuscles.^ 

Their  solution  consists  of :  dahlia-glycerin,  2  per  cent,  salt  solution, 
equal  parts. 

Another  method  advocated  by  the  majority  of  recent  investigators  is 
their  relative  estimation  in  stained  preparations.  In  preparations  treated 
by  the  iodin-cosin  method  (see  p.  46)  Ehrlich  found  that,  corresponding 
to  their  high  alkalinity,  the  blood-platelets  become  conspicuous  by  their 
intense  red  stain  and  are  consequently  readily  estimated.  Much  less 
practical  and  by  no  means  more  accurate  is  Rabl's  new  method,  based 
on  the  stain  with  iron  hematoxlin,  proposed  by  M.  Heidenhain  for  the 
demonstration  of  centrosomes.  A  procedure  advocated  by  Dr.  Rosin, 
but  not  yet  published,  is  more  practical.  This  consists  in  fixing  the 
dry  preparation  for  twenty  minutes  in  osmic  acid  fumes,  and  staining  it 
in  a  concentrated  watery  methylene-blue  solution. 

As  to  the  sigmjicance  of  the  blood-platelets,  the  majority  of  authori- 
ties, among  whom  Hayem,  Bizzozero,  and  Laker,  may  be  especially 
mentioned,  assumed  that  they  are  preformed  in  the  living  blood.  The 
opposite  view,  advocated  particularly  by  Lowit,  that  they  arise  only 
after  the  blood  has  been  removed  from  the  vessels,  is  not  supported  by 
the  \vriter's  observations. 

On  account  of  their  small  size  and  the  entire  absence  of  nuclear 
substances  the  blood-platelets  are  not  generally  regarded  as  actual  cells. 
Yet  whether  they  represent  intravital  separations  of  plasma  bodies  or 
are  excreted  from  the  cells,  has  not  been  determined,  even  though  many 
circumstances  appear  to  support  the  latter  assumption.  The  fact  that 
they  contain  glycogen  (see  p.  45)  seems  especially  to  characterize  them 
as  derivatives  of  the  blood-cells.  Moreover,  in  stained  preparations 
forms  are  frequently  seen  which  would  arouse  the  suspicion  that  the 
blood-platelets  came  from  the  red  blood-corpuscles  (Koppe).  Finally 
Arnold  observed  in  the  mesentery  of  young  guinea-pigs  not  only  extra- 
vascnlarly  but  also  intravascularly  a  cleavage  of  the  red  blood-cor- 
puscles, with  transformation  of  the  separated  elements  into  hemoglobin- 
free  forms. 

'  The  physiologic  numbers  fdund  by  Brodie  and  Russell  by  this  method  exceed  con- 
siderably those  of  previous  investigators.  They  found  a  ratio  of  platelets  to  erythro- 
cytes of  1 :  85  or  an  absolute  number  of  about  635,000  per  c.mm. 
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[Deetjeu  ^  has  published  an  important  article  in  which  he  claims  the 
independent  nature  of  the  plaques.  His  method  of  examining  the 
fresh  blood  is  an  important  part  of  his  article.  A  solution  of  agar  is 
prepared  by  dissolving  5  grams  of  agar  in  500  c.c.  of  distilled  water 
and  boiling  for  half  an  hour.  The  liquid  is  filtered  hot,  and  to  each 
100  c.c.  of  it  are  added  0.6  gram  of  common  salt  (NaCl)  and  6  to 
8  c.c.  of  a  10  per  cent,  solution  of  NaPOg.  The  last  solution  must  be 
prepared  without  heat.  Then  5  c.c.  of  a  10  per  cent,  solution  of 
KgHPO^  are  added.  A  small  amount  of  this  agar  is  put  on  a  glass 
slide  and  allowed  to  cool.  A  small  central  depression  is  scooped  out 
and  a  drop  of  blood  is  placed  in  this,  covered  with  a  cover-glass,  and 
examined  at  40°  C  In  such  a  cell  the  movements  of  the  corpuscles 
are  retained  for  a  considerable  time.  The  specimen  may  be  fixed  by 
allowing  Flemming's  solution  or  osmic  acid  to  run  under  the  cover-glass. 
He  found  that  in  such  preparations  the  blood-plaques  are  round  or  oval 
discs,  but  also  showed  ameboid  movements.  At  the  height  of  the 
movements  an  inner,  highly  refractive,  greenish  portion,  and  an  outer, 
clearer  portion,  from  which  pseudopods  are  projected,  can  be  distin- 
guished. Deetjen  concludes  that  the  blood-plaques  are  distinct  forma- 
tions with  nucleus  and  ameboid  movements. 

By  various  staining  methods  he  was  able  to  diflPerentiate  what  he 
considered  the  nucleus  from  the  surrounding  protoplasm,  though  he 
thought  it  difficult  to  determine  whether  this  is  a  true  nucleus  or  a 
massing  of  chromatin.  He  describes  certain  changes  which  he  regarded 
as  degenerative  and  necrotic  alterations. 

A  number  of  authors,  including  Engle,  Maximow,  and  Pappen- 
heim,  have  concluded  from  their  investigations  that  the  plaques  are 
derivatives  of  the  red  corpuscles,  being,  in  fact,  extruded  "  inner-bodies  " 
or  remnants  of  the  nucleus.  Arnold  regards  them  as  simple  frag- 
mented portions  or  separated  buds  of  red  cells,  a  conclusion  which 
agrees  with  the  author's  own  observations.  On  the  other  hand, 
De  Khuyzen,-  using  a  different  method,  agrees  substantially  w^ith 
Deetjen,  as  do  also  Kopsch,^  Argutinsky,*  Morawitz,"^  and  Dorendorf 
and  Hamel.^ 

Wlassow  and  Sepp,''  however,  oppose  the  conclusions  of  Deetjen 
regarding  the  blood-plaques.  They  deny  that  these  structures  contain  a 
nucleus,  and  refer  the  appearances  recorded  by  Deetjen  to  the  action  of 

'  Virchow^s  Archiv,  Bd.  clxiv.,  p.  239.  ^  Anaiom.  Anzeiger,  1901,  Bd.  xviii. 

3  Ibid.  *  Ibid.  *  Deutsch.  Archiv.  f.  kiin.  Med.,  1904,  Bd.  Ixxix. 

'^  Munch,  med.  Wochenschr.,  Nov.  12,  1901. 

'  Cenlralbl.f.  allrj.  Pathol,  u.  pathol.  Anal.,  1902,  xiii.,  12,  p.  465. 


142  MORPHOLOGY  OF  THE  BLOOD. 

the  medium  in  which  he  preserved  the  corpuscles  and  made  his  observa- 
tions. 

In  a  review  of  Deetjen's  article  ^  the  editor  expressed  the  view  that 
the  phenomena  observed  by  Deetjen  might  be  entirely  due  to  physical 
conditions,  and  cited  his  own  experience  with  degenerative  changes  in 
red  corpuscles  and  amebae.  Not  rarely  small  spherical  bodies  can  be 
broken  off  from  the  parent  red  corpuscle  or  from  an  ameba  by  the 
effects  of  heat  or  cheraic  agents.  These  small  extruded  bodies  pre- 
sent the  features  seen  by  Deetjen.  The  writer's  own  view  has  been  for 
a  long  time  that  the  red  corpuscles  are  the  source  of  the  blood-plaques. 

Hirschfeld-  came  to  a  similar  conclusion  as  a  result  of  studies 
made  with  dried  preparations  of  blood. 

Schwalbe  ^  believes  that  the  blood-plaques  originate  from  the  leuko- 
cytes as  well  as  from  the  erythrocytes. — Ed.] 

Our  knowledge  of  the  physiologic  function  of  the  blood-platelets  is 
likewise  very  incomplete.  The  original  view  of  Hayem,  that  they  were 
early  stages  of  the  red  blood-corpuscles,  on  accoimt  of  which  he  desig- 
nated them  "  hematoblasts,"  is,  according  to  the  majority  of  hematolo- 
gists,  without  foundation. 

Almost  all  recent  works  (compare  Lowit's  view)  recognize  a  close 
relation  between  blood-platelets  and  clotting.  This  was  first  noticed  by 
Bizzozero.  Whether  the  material  for  the  formation  of  fibrin  comes 
directly  from  the  platelets,  as  Bizzozero  contends,  or  whether  the  plate- 
lets, corresponding  to  the  observations  of  Eberth  and  Schimmelbusch 
on  thrombosis,  play  only  an  intermediate  role,  has  not  been  determined. 
To  go  into  the  chemistry  of  this  complicated  problem  would  lead  us 
too  far,  and  the  writer  will  content  himself,  therefore,  with  presenting 
a  few  clinical  observations  to  illustrate  the  relation  between  the  coagu- 
lability of  the  blood  and  the  number  of  platelets. 

Marked  increase  of  the  blood-platelets  is  found  especially  in  chlorosis 
(Muir)  and  post-hemorrhagic  anemia  (Hayem).  In  both  conditions  the 
increased  coagulability  of  the  blood  is  pronounced.  In  contrast  to  this 
there  is  the  important  observation  of  Denys,  who  found  in  two  cases  of 
purpura  in  which  the  coagulability  of  the  blood  was  markedly  decreased, 
or  even  absent,  a  striking  diminution  of  the  platelets  as  the  only  mor- 
phologic alteration  of  the  blood.  Ehrlich  also  had  the  opportunity  of 
examining  a  similar  case  in  which  the  blood -platelets  were  entirely 
absent. 

Blood-dust. — A  fourth  formed  constituent  of  the  blood  was  described 

*  Progressive  Medicine,  June,  1902.  '  Virchow's  Archiv,  Bd.  clxvL,  Heft  2. 

'  Wien.  klin.  Rundschau,  1903,  xvii.,  9,  p.  157. 
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by  H.  F.  Miiller  and  designated  "blood-dust."  These  particles  are 
found  in  the  plasma  of  the  blood,  and  are  very  small  granules  or  cocci- 
like,  colorless,  strongly  refractive  bodies  of  lively  molecular  movement, 
which  persist  for  a  long  time  without  any  special  precautions  in  the 
examination.  According  to  Miiller,  they  do  not  stain  with  osmic  acid, 
and,  therefore,  probably  contain  no  fat.  They  appear  to  have  no  con- 
nection with  fibrin-formation,  since  they  always  occur  outside  the  fibrin 
net.  Miiller  found  them  in  every  normal  blood,  though  in  varying 
numbers.  They  were  markedly  increased,  among  other  conditions,  in  a 
case  of  Addison's  disease,  and  decreased  in  starvation  and  in  cachexias. 

[Stokes  and  Wegeforth  ^  and  Nicholls  ^  concluded  from  investigation 
that  these  bodies  are  extruded  granules  of  leukocytes,  as  did  also 
Horder.^  Tiirk  has  recently  *  expressed  the  same  view.  Others  have 
conjectured  that  they  represent  degeneration-products  of  either  the 
white  or  red  corpuscles. — Ed.]. 

Douglas  and  Hardy  ^  have  studied  the  character  of  the  white  cor- 
puscles in  the  blood,  and  refer  to  50  cases  of  bilharzia,  finding  that 
(1)  the  percentage  of  coarse-grained  eosinophile  leukocytes  is  nearly 
always  much  above  the  average  found  in  the  normal  blood ;  (2)  that 
this  increase  is  proportioned  to  the  diminution  of  the  polymorphonuclear 
cells ;  (3)  that  there  is  less  frequently  an  increase  in  the  mononuclear 
leukocytes  corresponding  in  such  cases  to  a  diminution  of  lymphocytes. 
The  leukocytes  of  the  urine  are  coarse-grained  eosinophiles  in  a  very 
large  proportion,  the  remainder  being  almost  all  polymorphonuclear 
and  lymphocytes,  and  large  mononuclear  cells  being  very  uncommon. 

Further  investigations  are  necessary  to  determine  their  chemic  nature, 
especially  extraction  experiments  with  ether,  the  employment  of  fat- 
staining  substances,  as  alkanna  and  sudan,  and  comparative  examinations 
of  lipemic  blood. 

1  Johns  Hopkins  Hosp.  Bull.,  Dec.,  1897.  ^  Phila.  Med.  Jour.,  Feb.  26,  1898. 

^  Lancet,  Oct.  14,  1899.  *  Verlesungen  iiber  Hcematologie,  1904. 

*  Lancet,  Oct.  10,  1903. 


LITERATURE.' 


Altmann,   Ueber   die  Elementarorsiinismen   und   ihre   Beziehungen  zu  den  Zellen. 

Leipzi-r,  1.  Aufl.  1890,  2.  Auti.  1894. 
Arnold,  Zur  "Morphologic  und  Biologie  des  Knoehenmarks.     Virchow's  Arkiv,  Bd. 

140. 

—  Ueber  die  Herkunft  der  Blutplattchen.     Centralbl.  f.  allg.  Pathologie  und  patho- 

logisc'he  Anatomic,  Bd.  8,  1897. 
Askanazy,  Uber  eincn  intcre.^santen   Blutbefund  bei  rapid  letal  verlaufender  Anaemic. 
Zeitschr.  f.  klin.  M.-dicin,  1898,  Bd.  23. 

—  Ueber  B()riint)cei)halus-Anacinie  und  die  prognostische  Bedeutung  des   Megalo- 

blasten  im  anaemisfhen  Blut.     Zeitschr.  f.  klin.  Medicin,  1895,  Bd.  27. 
Barker,  On  the  Presence  of  Iron  in  the  Granule*  of  the  Eosinophile  Leukocytes.     Johns 

Hopkins  Hosp.  Bull.,  Oct.,  1894,  No.  42. 
Baumer,  Beithige  zur  Histologic  der  Urticaria  simplex  und  pigmentosa,  mit  besonderer 

Beriicksichtigung  der  Bedeutung  der  Mastzellen  fiirdie  Pathogeneseder  Urticaria 

pigmentosa.     Inaugural  Disi^ertation.     Berlin,  1895. 
Beck,  Ueber  Quecksilber-Exantheme.     Charite-Annalen,  Bd.  20. 
V.  Beck,  Subcutane  Milzruptur,  Milzexstirpation,  Heilung.     Mlinchener  med.  Woch- 

en.schr.,  1897,  Nr.  47. 
Benario,  Noch  cinmal  die  Leucocvtenschatten  Klein's.     Deutsche  med.  Wochenschr., 

1894,  Nr.  27. 
Biernacki,  Untersuchungen  iiber  die  chemische  Blutbeschaffenheit  bei  pathologischen, 

insbesondere  bei  anaemischen  Zustiinden.      Zeitschr.  f.  klin.  Medicin,  1894,  Bd. 

24  (Numerous  references  to  literature). 
Bizzozero,  Ueber  die   Bildung  der  roten   Blutkdrperchen.     Virchow's  Archiv,  1884, 

Bd.  95. 

—  Ueber  einen  neuen  Formbestandteil  des  Bultes  und  dessen  Kolle  bei  der  Throm- 

bose und  der  Blutgerinnung.     Virchow's  Archiv,  1882,  Bd.  90. 
L.  Bleibtreu,   Kritisches" iiber  den  Haematokrit.      Berhner  klin.  Wochenschr.,  1893, 

Nr.  30,  31. 
M.  und   L.  Bleibtreu,  Eine  Methode  zur   Bestimmung  des  Volums  der  korperlichen 

Elemente  im  Blut.     Pfluger's  Archiv,  1892,  Bd.  51. 
Blix-Hedin,    Skandinavisches    Archiv    fiir    Pathologie,    1890,  S.    134    cited  by    Lim- 
beck). 
Brodie  and  Russell,  The  Enumeration  of  Blood-platelets.     Journal  of  Physiology,  1897, 

Nos.  4  and  5. 
T.    R.    Brown,    Johns    Hopkins    Hosp.   Bull.,    April,    1897,  cited    in    Berliner   klin. 

Wochenschr.,  1897,  Nr.  20. 
Buchner,  Untersuchungen  iiber  die  bacterienfeindlichen  Wirkungen  des  Blutes  und 

Blutserums.     Archiv  f.  Hygiene,  1890,  Bd.  10. 
Biicklers,  Ueber  den  Zusammenhang  der  Vermehrung  der  eosinophilen  Zellen  im  Blute 

mit  dem  Vorkommeti   der  Charcofschen   Krystalle  in   den  Faeces  bei  Wurm- 

kranken.     Miincheiier  med.  Wochenschr.,  1894,  Nr.  2  u.  3. 
Calleja,  Distribucion  y  Signiticacion  de  las  Celulas  cebadas  de  Ehrlich.    Ri  vista  trimestr. 

micrografica,  T.  I.  lS9fi. 
Canon,   Ueber  eosinophile  Zellen  und   Mastzellen  im   Blut  Gesunder  und   Kranker. 

Deutsche  med.  Wochenschr.,  1892, .Nr.  10. 
Cohnheim,  Vorlesungen  iiljer  allgemeine  Pathologie  I.  und  II.     Berlin,  1877. 
Cohnstein  und  Zuntz,  Untersuchungen  iiber  den  Fliissigkeitsaustausch  zwischen  Blut 

und  Geweben  unter  verschiedenen  phvsiologischen  und  pathologischen  Bedin- 

gungen.     Pfliiger'-s  Archiv,  1888,  Bd.'  42. 

1  On  account  of  the  superabundance  of  hematologic  literature,  the  writers  have  been 
forced  to  limit  themselves  in  this  list  to  the  important  and  recent  papers.  For  this 
rea«on  publications  are  rejieatodly  indicated  in  which  a  review  of  the  literature  on  the 
topic  in  question  may  be  found. 

144 


LITERATURE.  145 

Crede.  Ueber  die  Exstirpation  der  kranken  Milz  an  Menschen.     LangenLeck's  Archiv, 

1883,  Bd.  38.     (Literature.) 
Czerny,  Zur  Kenntnis  der  glycogenen  und   amyloiden  Entartung.     Arcliiv  f.  experi- 
ment. Patliologie  und  Pliarm.,  1893,  Bd.  31. 
Denys,  Un    nouveau   eas  de    Purpura   avec   diminution   considerable  des  plaquettes. 

Revue  "La  Cellule,"  t.  v,  Ime  fasc. 
Dieballa,  Ueber  den  Einfluss  des  Haemoglobingelialtes  und  der  Zalil  der  Blutkorperchen 

auf  das  specilische   Gewicht  des  Blutes  bei  Anaemischen.     Deutscbes  Archiv  f. 

klin.  Medicin,  189(],  Bd.  57. 
Dock,  Zur  Morpbologie  des  leukaemischen  Blutes.     Moskau  internat.  Congress,  1897. 
Dunin,    Ueber  anaemische  Zustande.     Leipzig,  1895.     Volkmann's  Sammlung  klin. 

Vortrage,  N.  F.,  135. 
Egger,  Ueber  die  Untersuchung  der  Blutkorperchen  beim  Aufenthalt  im  Hochgebirge. 

Correspondenzbl.  f.  Schweizer  Aerzte,  1892,  Bd.  32,  S.  045.  und  Congress  f.  innere 

Medicin,  1893,  Bd.  12. 
Ehrlicb,  Farbenanalytische  Untersuchungen    zur  Histologic  und  Klinik  des  Blutes. 

Berlin,  1891.  ' 

—  Beitrage  zur  Aetiologie  und  Histologic  pleuritischer  Exsudate.     Charite-Annalen, 

1880,  Bd.  7. 

—  Zur  Kenntnis  des  acuten  Milztumors.      Charite-Annalen,  1882,  Bd.  9. 

—  Ueber  schwere  anaemische  Zustande.      XI.  Congress  f.  innere  Medicin,  1892. 

—  De-  und  liegeneration  roter  Blutscheiben.      Vcrhandl.  d.   Gesellsch.  d.   Charite- 

Aerzte.  10  .Juni  u.  9  December,  1880. 

—  (Frerichs),    Uber   das  Vorkomnien  von   Glycogen  im   diabetischen  und  im  nor- 

malen  (Jrganisuius.     Zeitschr.  f.  klin.  Medicin,  1883,  Bd.  7,  S.  33. 
Einhorn,    Ueber  das  Verhalten  der  Lymphocyten   zu  den   vveissen  Blutkorperchen. 

Inaugural  Dissertation,  Berlin,  1884. 
Elze,  Das  Wesen  der  llhachitis  und  Scrophulose  und  deren  Bekampfung.     Berlin,  1897. 
C.  S.  Engel,  Haematologisches  Beitrag  zur  Prognose  der    Diphtherie.     Vcrhandl.  d. 

Vereins  f.  innere  Medicin  zu  Berlin,  Jahrg.  1896-97. 

—  Ueber  verschiedene  Fornien  der  Leucocytose  bei  Kindern.     XV.  Congress  f.  innere 

Medicin,  1897. 
J.  Epstein,  Blutbefunde  bei  metastatischer  Carcinose  des  Knochenmarks.     Zeitschr.  f. 

klin.  Medicin,  189(j,  Bd.  30. 
Eykmann,  Blutuntersuchungen  in  den  Tropen.      Virchow's  Archiv,  Bd.  126,  S.  113. 
Fano,  cited  by  v.  Limbeck. 
A.  Fischer,  Untersuchungen  iiber  den   Bau  der  Cyanophyceen  vmd  Bacterien.     Jena, 

1897. 
A.  Friinkel,   Ueber  acute  Leukaemie.       Deutsche  med.   Wochenschr. ,   1895,   Nr.  39 

bis  43. 

—  und  C.   Benda,   Klinische  Mitteilungen  iiber  acute   Leukaemie.     XV.  Congress 

f.  innere  Medicin,  1897. 
Frerichs,  Ueber  den  plotzlichen  Tod  und  iiber  das  Coma  bei  Diabetes.     Zeitschr.  f. 

klin.  Medicin,  1883,  Bd.  6. 
Gabbi,  Die  Blutveranderungen  nach  Exstirpation  der  Milz  in  Beziehung  zur  haemo- 

lytischen  Function  der  Milz.      Ziegler's   Beitrage  zur  patholog.  Anatomic,  Bd. 

19,  Heft  3. 
Gabritschevifsky,  Klinisch-haematologische  Notizen.    Archiv  f.  experiment.  Pathologie 

u.  Pharm.,  1891,  Bd.  28. 

—  Mikroskopische    Untersuchungen   iiber    Glycogenreaction    im    Blut.      Archiv    f. 

experiment.  Pathologie  u.  Pharm.,  1891,  Bd.  28. 
G.  Gartner,  Uber  eine  Verbesserung  des   Haematokrit.     Berliner  klin.  Wochenschr., 

1892,  Nr.  36. 
Glogner,  Ueber  das  specifische  Gewicht  des  Blutes  des  in  den  Tropen,  lebenden  Euro- 

piiers.     Virchow's  Archiv,  Bd.  126,  S.  109. 
Goldberger  und  F.  Weiss,  Die  Jodreaction  im  Blut  und  ihre  diagnostiscbe  Verwertung 

in  der  Chirurgie.     Wiener  klin.  Wochenschr.,  1897,  Nr.  25. 
Goldmann,    Beitrag  zu   der   Lehre   von   dem  "malignen    Lymphom."     Centralbl.   f. 

allgeni.  Pathologie  u.  ])atholog.  Anatomic,  18F2,  Bd.  3. 
Goldsclieidor   und    Jakob,    Uber    die    Variationen    der    Leucocytose.       (Literature.) 

Zeitschr.  f.  klin.  Medicin,  1894,  Bd.  25. 
Gollasch,  Zur  Kenntnis  des  asthmatischen  Sputums.     Fortschritte  d.  Medicin,  1889, 

Bd.  7. 
E.  Grawitz,  Ueber  die  Einwirkung  des  Hiibenklimas  auf  die  Zusammensetzung  des 

Blutes.     Berliner  klin.  Wochenschr.,  1895,  Nr.  33  u.  34. 
—  Klinische  Pathologie  des  Blutes.     Berlin,  1896. 

10 


14G  LITERATURE. 

E.  Grawitz,  Ueber  Blutbefunde  bei  Bebiiiidluno;  mit  dem  Koch'schen  Mittel.  Charite- 
Aimalen,  181)1. 

—  Kliiii^i'li-t'xperinieiitclle   Blutuntersuchungen.     Zeitschr.   f.  klin.   Medicin,   1802, 

lid.  •_'!  u.  22. 
Gullimd,  Dii  the  Gramilar  Leucocytes.     Journ.  of  Physiol.,  1896,  Bd.  19. 
M.  llahii,  Ueberdie  Beziehuiigen  der  Leucocyten  zur  bactericiden  Wirkung  des  Blutes. 

Arcliiv  f.  Hygiene,  189."i,  Bd.  2b. 
llaiiniierschlag,  Uber  das  Verlialten  des  specifischen  Gewichtes  des  Blutes  in  Krank- 

heiteti.^   Ceiitralbl.  1'.  klin.  .Medicin,  1891,  Kr.  44. 

—  Ueber  Ilydraenii.-.      Zeitsciir.  f.  klin.  Medicin,  1892,  Bd.  21. 

—  Ueber  Blutliet'unde  bei  Chlorose.      Wiener  med.  Presse,  1894,  Nr.  27. 

E.  11.  llankin,  Uber  den  Ursprungund  das  Vorkonimeni  von  Alexinen  ini  Organismus. 

Centralbl.  f.  Bakteriologie  u.  Parasitenkunde,  1892,  Bd.  12. 
llartniann  und  Vaquez,  Les  modifications  du  sang  apres  la  splenectomie.     Compt.- 

rend.  de  hi  Societe  de  Biologic  X""--  Ser.,  IV.,  1897. 
Hayem,  Du  sang.      Paris,  1889. 
— ^^  Du  caillot  non  retractile.     Suppression  de  la  formation  du  serum  sanguin  dans 

quelques  etats  pathologiques.    Acad,  des  sciences,  23  Nov.,  1890  (Sem.  medic). 

—  Des  libtbules  rouges  a  novau  dans  le  sang  de  I'adulte.     Arch,  de  Phys.  normale 

et  patholog,  Il'l-e  Ser.  I.,  188:]. 
Max  llerz,  Hiutl<rankheiten.     Virchow's  Archiv,  Bd.  133. 
H.  ilirsciifeld,  Beitnige  zur  vergleichenden  Morphologic  der  Leucocyten.     Inaugural 

Dis.^ertation.      Berlin,  1897. 
Hoppe-Seyler,  Verbesserte  Metliode  der  colorimetrischen  Bestimmnng  des  Blutfarb- 

stiiiriiehalles  iin  Blut  und  in  anderen  Pliissigkeiten.     Zeitschr.  f.  phys.  Chemie, 

Bd.  IG. 
llowell.  Tiic  Life-historj'  of  the  Formed  Elements  of  the  Blood,  etc.  (cited  by  H.  F. 

Muller). 
Israel  und  Pappenheim,  Ueberdie  Entkernung  der  Saugetiererythroblasten.    Virchow's 

Archiv,  Bd.  143. 
O.  Israel  und  Levden.  Denionstrationen  in  der  Berliner  medicinischen  Gesellschaft. 

Berliner  kHn.  Wochenschr.,  189((.  Nr.  10. 
Jadassohn,  Demonstration  von  eosinophilen  Zellen  in  Lupus  und  in  anderen  Geweben. 

Vcrhandl.    d.   deutschen    derniatolog.    Gesellsch.    II.    u.    III.    Congress    (cited 

by  II.  F.  Midler,  Asthma  broiu'hiale). 
Jakob,  i'eber  Leucocytose.     XV.  Congre.'-s  f.  innere  ]\Iedicin,  1897. 
K.  V.  Jaksch,  I'elierdie  Zusammensetzung  des  Blutes  gesunder  und  kranker  Menschen. 

Zeitschr.  f.  klin.  Medicin,  1893.  Bd.  23. 
V.    Jaksch,    Ueber  die  prognostische    Bedeutung  der  bei  crouposer  Pneumonic   auf- 

tretenden  Leucocytose.     Centralbl.  f.  klin.  Medicin,  1892,  Nr.  5. 
"VV.    Janowski,    Zur    Morpholou;ie   des    Eiters    verschiedenen   Ursprungs.      Archiv   f. 

Patholo<ri<'  u.  Pbarm.,  189;',,  Bd.  36. 
V.  Jaruntnwski   und  E.  Schroder,  Ueber  Blutveranderungen  im  Gebirge.     Miinchener 

m.'d.  Wochen.<chr.,  1894,  Nr.  48. 
M.   J.   Jolly,   Sur  les  mouvement.«  amiboides  des  globules    blancs  du  sang  dans  la 

Leucemie.     Compt.-rend.  de  la  Societe  de  Biologic,  X^'^  Ser.  V.,  1898. 
"Warthon  Jones,  Philosophical  Transactions,  1846.  BdT  1,  Fo.  82  (cited  by  Schultze). 
Kanter,  Ueber  das  Vorkommen  von  eosinophilen  Zellen  in  malignem  Lympliom  und 

bei    einigon     anderen     Lvmphdrusenerkrankun<ren.        Inaugural  Dissertation. 

Breslau,']893. 
Kikndsi-,    Die    pathologische    Anatomic   des    Blutes   bei    der   crouposen    Pneumonia. 

Inaugural  Dissertation,  1890  (Bussian).    Keferat :   Centralbl.  f.  allgem.    Patho- 
logic u.  ])atholog.  Anatoniie,  1891.  Nr.  3. 
Klebs,  vi-rgl.  XI.  Congress  f.  innere  Medicin.  Discussion. 
Knoll,  Ueberdie  Blutkorpercben  bei  wirbello.«en  Tiercn.  Sitzungsberd.  kais.  Akademie 

d.  "VVissen.sch.   in  AVien,   mathemat.-naturwissenschaftl.Cl.     Nov.,    1893,    Bd. 

102,  Abth.  6. 
Kfiblaiick.  Zur  Kenntnis  des  Verhaltens  der   Bhukin-perchen  bei  Anaemic,  unter  be- 

suiiderer    Bi-rucksichtigung  der  Leukaemie.     Inaugural  Dissertation.     Berlin, 

IMS'). 

Kopjie,   Ceber  Blutuntersuchungen  im  Gebirge.     Congress  f.  innere  Medicin,  1893, 

Bd.  12. 

^-  Ueber  Blutuntersuchungen  in  Beiboldsgriin.    Miinchener  med.  "Wochenschr.,  1895. 

—  Ueber    den  C2uellung.«grad    der  roten    Blutscheiben    durch  tiquimolecularo  Salz- 

losungen  und  iiberclcn  osnioti.*chcn  Druck  des  Blutplasmas.     Archiv  f.  Anatomie 

u.  Phvsiolngie.,  Phvsiolog.  Abt.  1895,  S.  154. 


LITERATURE.  147 

Kiindig,  TJeber  die  Veranderungen  des  Blutes  im  Hochgebirge  bei  Gesunden  und 
Lungenkranken.     Correspondenzbl.  f.  Schweizer  Aerzte,  1897,  Nr.  1  u.  2. 

Laacbe,  Die  Anaemie.     Christiania,  1883. 

Labadie-Lagrave,  Traite  des  maladies  du  sang.     Paris,  1893. 

Laker,  Ueber  eine  neue  klinische  Blutuatersuchuiigsmethode.  (Specifisclie  Resistenz 
der  roten  Blutkorpercben. )     Wiener  med.  Presse,  1890,  Nr.  35. 

—  Die    Blutscheibcben    sind    constante     Formelemente  des    normal  circulierenden 

Sangetierblutes.     Virchow's  Archiv,  1889,  Bd.  116. 
L.  Landois,  Lehrbuch  der  Physiologie  des  Menschen.     Wien  u.  Leipzig,  1887. 
A.   Lazarus,    Blutbefund  bei  pernicioser  Anaemie.     Verhandl.  d.   Vereins  f.  innere 

Medicin  ;  Deutsche  med.  Wocheuschr.,  1896,  Nr.  23. 
Leredde  et  Perrin,  Anatomie  pathologique  de  la  Dermatose  de  Diihring.     Annal.  de 

Derinat.  et  Syphiligraph.,  Ill'^e   Ser.  VI.,  S.  281  u.  4-52. 
Benno  Lewy,  Ueber  das  Vorkommen  der  Charcot-Leyden'schen  Krystalle  in  Nasen- 

tumoren.     Berliner  klin.  Wochenschr.,  1891,  Nr.  33  u.  34. 
E.  Levden,  Ueber  eosinophile  Zellen  aus  dem  Sputum  von  Bronchialasthma.    Deutsche 

"medic.  Wochenschr.,  1891,  Nr.  38. 
Lichtheim,  Leukaemie  mit  complicierender  tubereuloser  Infection.  Verein  f.  wissen- 

schaftl.  Heilkunde  zu  Konigsberg  ;  22.  Pebruar,  1897. 
V.  Limbeck,  Grundriss  einer  klinischen  Pathologic  des  Blutes.     2.  Aufl.     Jena,  1896. 

—  Ueber  die  durch  Gallenstauung  bewirkten  Veranderungen  des  Blutes.     Centralbl. 

f.  innere  Medicin,  1896,  Nr.''33. 

Litten,  Ueber  einige  Veranderungen  roter  Blutkorpercben.  Berliner  klin.  Wochen- 
schr., 1877,^Nr.  1. 

Lowit,  Die  Blutplattchen,  ihre  anatomische  und  chemische  Bedeutung.  Eeferat  in 
Lubarsch-Ostertag's  Ergebn.  d.  allgem.  Pathologic.  Wiesbaden,  1897.  (Litera- 
ture. ) 

—  Protozoennachweis   im    Blute    und  in  den  Organen  leukaemischer  Individuen. 

Centralbl.  f.  Bakteriologie,  1898,  Bd.  23. 
A.  Lowv,   Ueber  Veranderungen  des   Blutos  durch  thermische  Einfliisse.     Berliner 
klin.  Wochenschr.,  1896,  Nr.  4. 

—  und  P.  F.  Richter,    Ueber  den   Einfluss  von  Fieber  und  Leucocytose   auf  den 

Verlauf  von  Infectionskrankheiten.    Deutsche  med.  Wochenschr.,  1895,  Nr.  15. 

—  —  Zur  Biologic  der  Leucocyten.     Virchow's  Archiv,  1898,  Bd.  151. 
Lyonnet,  De  la  densite  du  sang.     Paris,  1892. 

Maragliano,  Beitrag  zur  Pathologic  des  Blutes.    XI.  Congress  f.  innere  Medicin,  1892. 
Maxon,    Untersuchungen   iiber  den  Wasser-  und  den    Eiweissgehalt  beim    kranken 

Menschen.     Dtuitsches  Archiv  f.  klin.  Medicin,  1894,  Bdl  53. 
Karl  Hermann  Mayer,  Die  Fehlerquellender  Haemometer-Untersuchung  (v.  Fleischl). 

Deutsches  Archiv  f.  klin.   Medicin,   Bd.  57,   1  u.  2.     (Numerous  references  to 

literature. ) 
S.  Mayer,  Ueber  die  Wirkung  der  Farbstoffe  Violett  B  und  Neutralrot.  Sitzungsber. 

d.deutschen  naturwissenschaftl. -medic.  Vereins  f.  Bohmen  "  Lotos,"  1896,  Nr.  2. 
K.  Mendel,  Ein  Fall  von  mvxoedematosem  Cretinismus.    Berliner  klin.  Wochenschr., 

1896,  Nr.  45. 
Menicanti,    Ueber  das  specifische  Gewicht  des  Blutes  und  dessen  Bezichungen  zum 

Haemoglobingehalt.     Deutsches  Archiv  f.  klin.  Medicin,  1892,  Bd.  50. 
Mercier,  Des  modifications  de  nombre  et  de  volume  que  subissent  les  erythrocytes  sous 

rinfluence  de  I'altitude.     Archives  de  physiol.,  V'"'=  Ser.  VI.,  1894,  S.  769. 
Meunier,  De  la  leucocvtose  dans  lacoquelucbe.    Compt.-rend.  de  la  Soci(5te  de  Biologic, 

X-ne   Ser.  v.,  1898. 
L.  Michaelis,  Beitrage  zur  Kenntniss  der  Milchsccretion.     Archiv  f.  mikroskopische 

Anatomie  und  Entwicklungsgeschichte,  1898,  Bd.  51. 
Miescher,  Ueber  die  Beziehungen  zwischen  Meerehohe  und  BeschafFenheit  des  Blutes. 

Correspondenzbl.  f.  Schweizer  Aerzte,  1892,  23,  S.  809. 
Hosier,  Die  Pathologic  und  Thcrajiie  der  Leukaemie.      Berlin,  1872. 
R.  Muir,  Contribution  to  the  Phvsinlogv  and   Pathology  of  the  Blood.     Journal  of 

Anat.  and  Physiol.,  1891,  Vol.  2.^j,"  p.  475. 
H.  F.  Miiller,  Die  Morphologic  des  leukaemischen   Blutes  und  ihre  Beziehungen  zur 

Lehre  von  der  Leukaemie  (zusammenfassendes   Referat).     Centralbl.  f.  allgem. 

Pathologic  u.  patholog.  Anatomie,  Bd.  5,  Nr.  13  u.  14. 
H.  F.  Miiller,  Zur  Leukaemie-Frage.     Deutsches  Archiv  f.  klin.  Medicin,  Bd.  48. 

—  Ueber    die    atvpische     Blutbildung   bei    der   progressiven    perniciosen  Anaemie. 

Deutsches  Archiv  f.  klin.  Medicin,  1898,  Bd.  51. 

—  Zur  Lehre  voni  Asthma  bronchiale.    Centralbl.  f.  allgem.  Pathologie  u.  patholog. 

Anatomie,  1893,  Bd.  4. 


148  LITERATURE. 

H.  F.  Miiller,  und  Rieder,  Uber  Vorkommen  und  klinische  Bedeutung  der  eosino- 
philen  Zelle  im  circulierenden  Blutdes  Menschen.  Deutsches  Archiv  f.  klin. 
Medicin;  Bd.  48. 

—  Ucl)er  einen  bisher  nicht  beachteten  Formbestandteil  des  Blutes.     Centralbl.   f. 

allgem.  rathologie  u.  patholog.  Anatomie,  1896,  S.  929. 
E.  Neuiminn,    Ueber  J31utrogenerution  und  Blutbildung.     Zeitscbr.  f.  klin.  Medicin, 
1881,  Bd.  3. 

—  Farblose  Blut^  und  Eiterzellen.     Berliner  klin.  Wochenschr.,  1878,  Nr.  41. 

E.  Neumann,  Ein  nouer  Fall  von  Leukaemie  mit  Erkrankung  des  Knochenmarks. 

Arcbiv  d.  Ileilkunde,  1872,  Bd.  13. 
Neusser,   Ueber  oincn   besonderen  Blutefund  bei  uratischer  Diathese.     Wiener  klin. 

WoebeiKscbr.,  1894,  Nr.  39. 

—  Klinisch-bacmatologische    Mitteilungen   (Pemphigus).     Wiener  klin.   Wochen- 

schr., 1892,  Nr.  3  u.  4. 
V.  Noordcn,  Untersuchungen  iiber  schwere  Anaemie.    Charite-Annalen,  1889,  Bd.  16. 

—  Bcitra^e  zur    Pathologic  des  Asthma  brouchiale.      Zeitschr.  f.   klin.    Medicin, 

Bd.  20. 
Nothnagcl,  Lyniphadcnia  ossium.     Internal,  klin.  Rundschau,  1891  (cited  by  Epstein). 
Pappenhoiin,  Die  Hildung  der  roten  Blutscheiben.     Inaugural  Dissertation.     Berlin, 

1895.     (Many  references  to  literature.) 

—  Ueber  Entwicklung  und  Ausbildung  der  Erythroblasten.     Arcbiv  f.    patholog. 

Anatomic,  Bd.  145. 
Pee,  Untersuchungen  uber  Leucocytose.     Inaugural  Dissertation.     Berlin,  1890. 
Peiper,  Zur  Svin))t(;matologie  der  tierischen  Parasiten.     Deutsche  med.  Wochenschr., 

1897,  Nr.  48. 
Perles,  Beobachtungen  iiber  perniciose  Anaemie.     Berliner  klin.  Wochenschr.,  1893. 

Nr.  40. 
Th.    Pfeiffer,    Ueber  die    Bleibtreu'sche  Methode   zur  Bestimmung  des  Volums  der 

korperlichen  Elemente  im  Blut  und  die  Anwendbarkeit  derselben  auf  das  Blut 

gesundcr  und  kranker  (ins])csondere  liebernder)  Menschen.     Centralbl.  f.  innere 

Medicin,  1895,  Nr.  4. 
Prowazek,  Vitalfiirbungen  mit  Neutralrot  an   Protozoen.     Zeitschr.  f.  wissenschaftl. 

Zoolog.     1897. 
Prus,  Eine  neue  Form  der  Zellentartung.     Secretorische  fuchsinophile  Degeneration. 

Centralbl.  f.  allgem.  Pathologie  u.  patholog.  Anatomie,  1895,  Bd.  6. 
Przesmycki,  Uber  die  intravitale  Fiirbung  des  Kernes  und  des  Protoplasmas.     Biolog. 

Centralbl,  Bd.  17,  Nr.  9  u.  10.    (Extensive  literature  concerning  staining  of  the 

granules. ) 
Puglie.«e,  Ueber  die  physiologische  Rolle  der  Riesenzellen.    Fortschr.  d.  Medicin,  1897. 

Bd.  1.").  Nr.  19. 
Quincke,  Weitere  Beobachtungen  iiber  perniciose  Anaemie.    Deutsches  Archiv  f.  klin. 

Medicin,  Bd.  20. 

—  Zur  Phvsiologie  und   Pathologie  des   Blutes.     Deutsches  Archiv  f.  klin.  Medicin, 

Bd.  23. 

—  Ueber  Eisentherapie.     Volkmann's  Sanimlung  klin.  Vortriige,  N.  F.  129. 
Rabl,  Ueber  eine  elective  F;irbun;i  der  BlutplJittchen  in  Trockenpraparaten.     Wiener 

klin.  Wochenschr.,  189(;,  Nr.  4G. 
Rahlmann,  Ueber  ciiiige  Bozichuiigen  der  Netzhautcirculation  zu  allgemeinen  Storun- 

gen  des  Hlutkrei.-laufes.     Virchow's  Archiv,  Bd.  102. 
Reinlmch,  Ueber  das  Verhalten  der  Leucocyten  bei  maligiien  Tumoren.     Langenbeck's 

Archiv,  189.3,  Bd.  40. 
Reinert,  Die  Ziihlung  der  roten  Blutkorperchen.      Leipzig,  1891. 
Ribbert,  Beitnige  zur  Entziindung.     Virchow's  Archiv,  1897,  Bd.  150. 
Rieder,  Atlas  der  klinischen  Mikroskopie  des  Blutes.      Leipzig,  1893. 

—  Beitnige  zur  Kcnntnis  der  Leucocytose  (literature).     Leipzig,  1892. 

Riegner,  Ueber  einen  Fall  von  Extirpation  der  traumatisch  zerrissenen  Milz.     Berliner 

klin.  Wochenschr.,  1893,  Nr.  8. 
Rindfleisch,  Ueber  Knochenmark  und  Blutbildung.    Archiv  f.  mikroskop.  Anatomie, 

1880,  17,  S.  1. 

—  Ueber  den  Fehler  der  Blutkorperchenbildung  bei  der  perniciosen  Anaemie.     Vir- 

chow's Archiv,  1890,  Bd.  121,  S.  176. 
V.  Roietzky,  Contributions  a  I'etude  de  la  fonction  hematopoietique  de  moelle  osseuse. 

Arch,  des  scii-nc.  biol.  Petersburg,  1877,  T.  V. 
Sadler,  Klinische  rntcr-uchunirf'n   iiber  die  Zabl  der  corpuscularen  Elemente  und  den 

Haemogb.biiigcliiilt  des  Blutes  (cited  by  Turk).     Fortschritte  d.  Medicin,  1892. 
Schaumann,  Zur  Kenntnis  der  sogenannten  Bothriocephalu.s-Anaemie.     Berlin,  1894. 


LITERATURE  149 

Schaumann,  und  Rosenquist,  Zur  Frage  iiber  die  Einwirkung  des  Hohenklimas  of 

die  Blutbeschaffenheit  (vorlauf.  Mittheil.).     Congress  f.  innere  Medicin,  1896, 

N.  22. 
Schiff,  Ueber  das  quantitative  Verhalten  der  Blutkorperchen  und  das  Haemoglobins 

bei  neugeborenen   Kindern  und  Siiuglingen  unter  normalen  Und  pathologischen 

Verhaltnissen.     Zeitschr.  f.  Heilkunde,  1890,  Bd.  11. 
Schimmelbusch,  Die  Blutplattchen  und  die  Blutgerinnung.     Virchow's  Archiv,  1885, 

Bd.  101. 
Schmaltz,   Die  Untersuchung  des   specifischen  Gewichtes  des  menschlichen   Blutes. 

Deutsches  Archiv  f.  klin.  Medicin,  1891,  Bd.  47. 

—  Die  Pathologie  des  BJutes  und  der  Blutkrankheiten.     Leipzig,  1896. 

A.  Schmidt,  Demonstration  mikroskopischer  Praparate  zur  Pathologie  des  Asthma. 

Congress  f.  innere  Medicin. 
Max  Schultze,  Ein  heizbarer  Objecttisch  und  seine  Verwendung  bei  Untersuchung  des 

Blutes.     Archiv  f.  mikroskop.  Anatomic,  1865,  Bd.  1. 
O.  Schultze,  Die  vitale  Methylenblaureaction  der  Zellgranula.     Anatom.  Anzeiger, 

1887. 
Schumburg  und  N.  Zuntz,  Zur  Kenntnis  der  Einwirkungen  des  Hochgebirges  auf  den 

menschlichen  Organismus.     Pfliiger's  Archiv,  1896,  Bd.  63. 
Seige,    Ueber  einen   Fall   von   Ankylostomiasis.       Inaugural  Dissertation.      Berlin, 

1892. 
Spilling,  s.  Ehrlich,  Farbenanalytische  Untersuchungen. 
Stienon,  Recherches  sur  la  leucocytose  dans  la  Pneumonie  aigue.     Bruxelles,  1895. 

—  De  la  leucocytose  dans  les  maladies  infectieuses.     Bruxelles,  1896. 

Stierlin,  Blutkorperchenzahlung  und  Haemoglobinbestimmung  bei  Kindern.  Deutsches 

Archiv  f.  klin.  Medicin,' 1889,  Bd.  45. 
Stintzing    und   Gumprecht,    Wassergehalt    und    Trockensubstanz   des    Blutes   beim 

gesunden  und  kranken  Menschen.     Deutsches  Archiv  f.  klin.   Medicin,  1894, 

Bd.  43. 
Tarchanoff,  J.  R.,  Die  Bestimmung  der  Blutmenge  am  lebenden  Menschen.    Pfliiger's 

Archiv,  Bd.  23  u.  24. 
Teichmann,  Mikroskopische  Beitrage  zur  Lehre  von  der  Fettresorption.     Inaugural 

Dissertation.     Breslau,  1891. 
Thoma  und  Lyon,  Ueber  die  Methode  der  Blutzahlung.     Virchow's  Archiv,  Bd.  84. 
Troje,  Ueber  Leukaemie  und  Pseudoleukaemie.      Berliner  klin.  Wochenschr.,  1892, 

Nr.  12. 
Tschistowitsch,   Sur  la  quantite  des  leucocytes   du  sang  dans  les  pneumonies  fibri- 

neuses  a  issue  mortelle.     Abstract  in  Centralbl.  f.  d.  medic.  Wissenschaft,  1894, 

Nr.  39. 
Tiirk,  Klinische  Untersuchungen  iiber  das  Verhalten  des  Blutes  bei  acuten  Infections- 

krankheiten.     Wien  u.  Leipzig,  1898. 
Unger,  Das  Colostrum.     Virchow's  Archiv,  1898,  Bd.  151. 
Unna,  Ueber  mucinartige  Bestandteileder  Neurofibrome  und  des  Centralnervensystems. 

Monatshefte  f.  prakt.  Dermatologie,  1894,  Bd.  18. 
Uskoff's  und  seiner  Schiiler  Arbeiten  s.  besonders  Archiv  des  sciences  biolog.     St. 

Petersburg. 
Uthemann,  Zur  Lehre  von  der  Leukaemie.     Inaugural  Dissertation.     Berlin,  1888. 
Viault,  Sur  I'augmentation  considerable  du  nombre  des  globules  rouges  dans  le  sang 

chez  des  habitants  des  hauts-plateaux  de  I'Amerique  du  Sud.     Compt.-rend.  de 

I'Acad.  des  scienc.  111,  S.  917. 
Virchow,  Weisses  Blut  (Leukaemie).     Virchow's  Archiv,  Bd.  1. 

—  Cellular-Pathologie,  4.  Aufl.,  Berlin,  1871. 

Waldstein,  Beobachtungen  an  Leucocyten,  u.  s.  w.     Berliner  klin.  Wochenschr.,  1895, 

Nr.  17. 
Weiss,  Haeniatologiscbe  Untersuchung.     Wien,  1896. 

—  Ueber  den  ungeljliehen  Einfluss  des  Hohenklimas  auf  die  Haemoglobinbildung. 

Zeitschr.  f.  phys.  Chemio,  1896-97,  Bd.  22. 
H.  Wendelstadt  und  L.  Bleibtrcu,  Beitrag  zur  Kenntnis  der  quantitativen  Zusammen- 
setzung  des  Menschenblutes  unter  pathologischen  Verhaltnissen.     Zeitschr.   f. 
klin.  Medicin,  1894,  Bd.  25. 

—  —  Bestimmung  des  Volumens  und  des  Stickstoffgehaltes  des  einzelncn   roten 
Blutkorperchens  im  Pferde-  und  Schweincblut.      Pfliiger's  Archiv,  Bd.  52. 

Westphal,   Ueber    Mastzellen.     Inaugural  Dissertation.     Berlin,    1880  (cfr.    Ehrlich, 

Farbenanalytische  Untersuchungen,  etc.). 
Winternitz,    Weitere    Untersuchungen    ii})er   Veriinderungen   des   Blutes   unter  ther- 

mischen  P^inwirkungen.     Wiener  klin.  Wochenschr.,  1893,  Nr.  47. 


150  LITERATURE. 

P.  WolflF  und  Koppe,  Ueber  Blutuntersuchungen  in  Keiboldsgriin.     Miinchener  med. 

Wochenschr.,  1893,  Nr.  11. 
Wright,  Remarks  on  Methods  of  Increasing  and  Diminishing  the  Coagulability  of  the 

Blood.     British  Med.  Jour.,  July  14,  1894. 
Zangemeister,   Eiii   Apparat  fiir  colorinietrische  Messungen.     Zeitschr.    f.    Biologie, 

1896,  Bd.  23. 
J.   Zappert,    Ueber  das  Yorkommen  der  eosinophilen  Zellen  im  anaemischen  Blut. 

Zeitschr.  f.  klin.  Medicin,  Bd.  23  (literature). 
—  Neuerliche  Bcobachtungen  iiber  das  Vorkommen  des  Ankylostomum  duodenale 

bei  den  Berglouten.     Wiener  klin.  Wochenschr.,  1892,  Nr.  24. 
C.  Zenoni,  Ueber  das  Auftreten  kernhaltiger  roter  Blutkorperchen  im  circulierenden 

Blut.     Virehow's  Archiv,  Bd.  139. 
G.  Zesas,  Beitrag  zur  Kenntnis  der  Blutveriinderung  bei  entmilzten  Menschen  und 

Tieren.     Langenbeck's  Archiv,  1883,  Bd.  28. 


Clinical  Features  of  Anemia. 


INTRODUCTION. 

In  order  to  obtain  a  general  grasp  of  anemia  we  must  recur  to  the 
definition  proposed  at  the  beginning,  which  designated  it  as  "  a  quanti- 
tative or  qualitative  diminution  in  the  amount  of  blood." 

In  addition  to  a  physiologic  capability  of  alteration  which  is  not 
slight,  the  blood  possesses  an  extraordinary  jjower  of  preserving  its 
normal  composition.  It  compensates  not  only  for  the  very  fine  altera- 
tions in  its  composition,  not  appreciable  to  our  senses,  which  it  is  con- 
tinually experiencing  in  its  ceaseless  changing  relations  to  the  organs, 
but  is  also  capable  of  withstanding  to  a  surprising  degree  many  coarse 
influences,  as,  for  instance,  many  experiments.  Foreign  bodies,  the 
smallest  particles  of  coloring-matter,  bacteria,  etc.,  are  excreted  from 
the  circulation  as  rapidly  as  they  can  be  introduced.  Even  chemic 
foreign  substances  or  abnormal  amounts  of  normal  constituents  intro- 
duced into  the  blood  are  usually  so  quickly  excreted  that  after  a  few 
circulatory  cycles  no  trace  of  the  interference  is  percetible. 

Just  as  in  these  experiments,  the  blood  preserves  its  normal  com- 
position under  the  influence  of  numerous  factors  which  affect  the  organ- 
ism in  general  or  the  blood  in  particular.  Severe  diseases  of  vitally 
important  organs  may  run  a  regular  course  without  any  recognizable 
alteration  in  the  blood.  Moreover,  there  may  be  frequently  repeated 
slight  losses  of  blood  without  even  a  transitory  abnormality  becoming 
evident. 

This  power  of  resistance  naturally  has  its  limits,  both  in  regard  to 
the  kind  as  well  as  to  the  duration  and  the  intensity  of  the  inimical 
influence,  since  the  continuance  of  the  normal  composition  depends  on 
constancy  of  the  relation  between  blood  formation  and  blood  destruc- 
tion. A  decrease  in  the  blood  formation  without  a  corresponding 
diminution  in  blood  destruction  must  produce  a  disparity,  just  as  an 
increased  destruction  without  a  progressive  new  formation.  TherefM'e, 
all  conditions  which  act  unfavorably  either  mediately  or  immediately  on 
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the  destruction  or  new  formation  of  blood  are  capable  of  lessening  the 
amount  of  blood — /.  <■.,  of  producing  anemia. 

The  new  formation  of  blood — /.  e.,  the  physiologic  replacement  of 
blood  destroyed  by  functional  activity — is  still  very  inadequately 
understood  as  to  its  true  nature  and  its  dependence  on  external  influ- 
ences. Nevertheless  we  are  undoubtedly  justified  in  assuming  that  a 
normal  formation  of  blood  is  possible  only  (1)  when  the  blood-making 
organs,  especially  the  bone-marrow,  are  healthy  ;  (2)  when  the  material 
necessary  for  its  manufacture  is  (piantitatively  and  qualitatively  sufficient. 

One,  therefore,  finds  anomalies  of  the  blood  when  the  hematopoietic 
system  is  diseased  or  when  as  a  result,  for  instance,  of  inanition,  the 
material  for  the  formation  of  new  blood  is  decreased  or  poor  in  quality 
("  hvpoplastic  form  of  anemia,"  Immermann). 

Jncremed  dcstmdion  of  blood  is  directly  produced  by  hemorrhage, 
indirectly  by  an  increase  in  the  physiologic  consumption  of  the  blood- 
tissue  or  by  pathologic  processes,  especially  the  abnormal  excretion  of 
albuminous  material — e.  g.,  in  suppuration,  albuminuria,  etc.  ("  con- 
sumptive form  of  anemia,"  Immermann). 

It  is  evident  that  this  theoretic  division  can  not  be  preserved  in  con- 
crete cases,  since  blood  consumption  and  blood  replacement  necessarily 
influence  one  another  very  closely.  In  the  majority  of  anemic  condi- 
tions, therefore,  we  see  a  combined  disturbance  of  both  these  functions 
("complex  anemia,"  Immermann). 

Though  this  classification  is  valuable  in  general  pathology,  it  is  not 
available  for  tlie  special  study  of  anemic  conditions.  The  great  fre- 
quency and  polyff)rm  character  of  anemias  make  the  problem  of  classi- 
fication extremely  difficult,  especially  since,  in  several  very  important 
points,  our  knowledge  is  incomplete.  Looking  through  the  numerous 
recent  text-books  and  manuals  on  anemia,  we  can  scarcely  find  two 
which  agree  in  their  definition  of  individual  forms.  Moreover,  it  is 
absolutely  impossible  to  make  an  etiologic  classification  on  the  basis  of 
our  present  knowledge  without  se])arating  forms  that  naturally  belong 
together  and  combining  very  different  forms  under  the  one  head. 

The  most  frecpiently  employed  classification  is  into  primary  or  idio- 
pathic, secondary  or  symptomatic  anemias.  This  includes  chlorosis 
and  progressive  pernicious  anemia  in  the  first,  all  other  conditions  in  the 
second.  Still  in  this  classification  the  important  bothriocephalus  anemia 
is  omitted  because,  according  to  the  principle  of  classification,  it  should 
be  reckoned  among  the  secondary,  while  according  to  its  chief  charac- 
teristics it  belongs  among  the  so-called  ixTnicious  anemias.  It  is,  more- 
over,  evident   that   "  pernicious   anemia "    has   been  given    this  special 
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place  only  because  its  cause  is  unknown.  Therefore,  whether  it  is 
eventually  referred  to  blood  or  intestinal  parasites  or  purely  toxic  influ- 
ences, its  designation  "  primary  idiopathic  "  anemia  will  be  untenable 
(see  Part  I.,  p.  44). 

We  must,  therefore,  for  the  present,  hesitate,  and  abandoning  a  causal 
classification,  separate  the  different  forms  of  anemia  according  to  the 
peculiarities  which  they  manifest  in  relation  to  the  normal  anatomy 
and  physiology  of  the  blood.  On  this  principle  the  following  classifi- 
cation is  made  : 
Simple  anemia  : 

Acute  post-hemorrhagic  anemia ; 
Simple  chronic  anemia ; 
Chlorosis.^ 
Progressive  pernicious  anemia. 

*  That  chlorosis  has  a  special  position  among  the  anemias  is  evident  from  the  fact 
that  a  special  discussion  is  devoted  to  it  in  this  volume  by  v.  Noorden. 


SIMPLE  ANEMIA. 


ACUTE  POST-HEMORRHAGIC  ANEMIA, 

Acute  post-hemorrhagic  aucmia  makes  a  very  appropriate  introduc- 
tion to  a  discussion  of  anemic  conditions.  In  the  first  place,  its  manner 
of  origin  is  the  clearest.  Secondly,  we  see  in  it  all  the  important 
changes  both  of  the  blood  and  the  other  organs  which  appear  as  the 
anemic  reaction  of  the  organism.  Finally,  it  offers  a  more  favorable 
o])portunity  than  any  other  form  of  anemia  of  answering  the  confusing 
questions  by  exact  experiments  on  animals  and  frequently  on  man — e.  g., 
after  venesection. 

Among  the  acute  post-hemorrhagic  anemias  may  be  reckoned  all 
alterations  which  are  produced  by  a  loss  of  blood  in  a  relatively  short 
time — that  is,  from  a  few  minutes  to  several  days. 

THE  ORIGIN  OF  ACUTE  POST-HEMORRHAGIC  ANEMIA. 

An  entirely  uncomplicated  form  of  acute  anemia  occurs  when  a 
healthy  individual  suffers  an  external  loss  of  blood  by  trauma.  Certain 
differences  in  the  primary  symptoms,  in  the  course,  in  the  diagnosis, 
and  therapy,  are  evident  when  the  hemorrhage  occurs  internally  into 
a  body  cavity,  especially  if  the  individual  was  in  an  abnormal  or  path- 
ologic condition  before  the  hemorrhage.  Still,  these  differences  are  too 
slight  to  require  a  subclassification,  and  it  will  be  sufficient  here  and 
there  to  draw  attention  to  them. 

Wounds  of  large  vessels  accompanied  by  a  severe  loss  of  blood  may 
occur  in  accidents  of  every  kind  as  well  as  in  operations.  Since  they  are 
so  difficult  to  recognize  it  is  worth  while  to  mention  those  wounds  that 
arc  unassociated  with  injury  of  the  integument — such,  for  example,  as 
the  tearing  asunder  of  large  trunks  in  the  extremities,  the  rupture  and 
tearing  of  vessels  in  the  large  abdominal  organs,  especially  the  liver, 
spleen,  and  kidneys. 

The  abnormal — that  is,  pathologic — conditions  of  the  organism  in 
which  severe  spontaneous  iiemorrhages  frequently  occur  are  :  1,  abortion 
and  the  puerperium  ;  2,  tubular  pregnancy  with  rupture  of  the  tube ; 
3,  tumors  of  the  uterus ;  4,  ulcus  ventriculi,  duodeni  ;  5,  typhoid 
fever  ;   6,  carcinoma  ventriculi,  intestini,  hepatis ;  7,  hemoptysis  from 
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tuberculosis  pulmonum ;  8,  bemoptysis  from  diseases  of  tbe  circulatory 
apparatus,  especially  aneurysms  ;  9,  varicose  veins  of  tbe  lower  extremi- 
ties, more  rarely  of  otber  places — e.  g.,  esophagus,  hemorrhoids;  10, 
epistaxis ;  11,  hemorrhagic  pancreatitis;  12,  all  constitutional  anomalies 
belonging  to  the  group  of  hemorrhagic  diatheses/ 

The  size  of  the  hemorrhage  and  the  severity  of  tbe  consequent 
symptoms  depend  on  the  cause  of  the  hemorrhage. 

Small  hemorrhages  from,  for  instance,  epistaxis,  normal  menstrua- 
tion, small  wounds,  produce  no  clinically  evident  alteration  in  the  com- 
position of  the  blood.  At  tbe  same  time,  however,  j)sychic  influences 
may  cause  marked  abnormalities  in  the  distribution  of  the  blood  in  the 
shape  of  a  local  anemia  of  the  skin  or  of  tbe  brain,  manifested  by 
intense  pallor  or  vertigo,  and  these  may  occasion  confusion  with  true 
general  anemia.  The  short  duration,  however,  prevents  errors  in 
diagnosis. 

Moreover,  it  is  known  from  venesection  experiments  that  the  loss  of 
even  a  small  quantity  (50  to  70  c.c.)  causes  a  deterioration  in  quality 
(see  below)  of  the  healthy  blood  ;  in  other  words,  in  a  strict  sense  pro- 
duces an  anemia.  Naturally  the  larger  the  hemorrhage  the  greater  and 
more  varied  are  the  pathologic  changes.  Tbe  rapidity  of  the  hemor- 
rhage is  likewise  of  no  little  influence,  for  it  is  very  evident  that  con- 
siderable difference  would  be  manifest,  depending  on  whether  the  same 
amount  of  blood  was  lost  within  several  minutes  or  several  days. 

Large  peracute  hemorrhages  are  accompanied  by  a  series  of  general 
and  localized  disturbances  which  may  be  briefly  described  as  follows  : 

The  symptom  invariably  appearing  first  is  a  marked  pallor  of  the 
skin,  the  lips,  and  the  conjunctivae,  which  frequently  reaches  a  very  high 
grade.  Corresponding  to  the  pallor,  the  body,  especially  the  extremi- 
ties, feels  cool.  In  persons  who  are  not  robust,  this  first  stage  is  also 
accompanied  by  psyhcic  disturbances  (see  below)  in  the  shape  of 
vertigo,  fainting,  and  marked  subjective  weakness.  A  symptom  that  may 
appear  immediately  after  the  pallor,  even  in  persons  who  are  not  alarmed 
or  those  who  have  fiiiled  to  notice  the  hemorrhage  {e.  g.,  in  battle) 
is  an  unconquerable  weakness  which  deprives  the  patient  of  muscular 
power  and  forces  him  to  be  completely  passive.  The  general  weak- 
ness then  becomes  evident  in  tremor  on  voluntary  movement,  and 
feebleness  of  the  voice.  If  the  loss  of  blood  continues,  flashes  of  light, 
ringing  in  the  ears,  hallucinations  of  smell,  and  feelings  of  anxiety 
arise.     A  profuse  cold  sweat  breaks  out  and  the  secretion  of  urine  is 

'  The  origin  of  acute  post-hemorrhagic  anemia  by  destruction  of  tlie  red  blood-cor- 
puscles within  the  circulation  will  be  discussed  in  the  section  on  Hemoglobinemia. 
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increased.  The  pulse  is  of  changing  frequency  and  tension  ;  the  heart 
palpitates  actively.  On  continuance  of  the  hemorrhage  the  heart 
weakens,  its  sounds  become  , feebler  and  less  clear  ;  the  pulse  smaller, 
less  frequent,  and  readily  compressible.  The  local  anemia  of  the  vital 
organs  becomes  evident  ;  anemia  of  the  brain  is  shown  by  singultus, 
nausea,  vomiting,  and  even  fainting.  The  syncopal  condition,  at  first 
of  short  duration,  alternating  with  waking,  gradually  becomes  deeper 
and  yields  only  transiently  to  a  sort  of  half-slumber,  during  which 
aphasia,  paraphasia,  and  delirium  set  in. 

The  defective  perfusion  of  the  lungs  with  blood  is  shown  by  a  marked 
dyspnea.  The  pulse  becomes  small  and  feeble  and  gradually  impal- 
pable. 

Later,  terminal  symptoms  develop  referable  to  the  loss  of  fluid. 
The  sweat  disappears,  the  skin  becomes  flabby  and  dry,  the  eyes  luster- 
less,  the  voice  almost  inaudible.  Fibrillary  muscular  contractions, 
spasms  of  individual  muscle-groups,  of  single  extremities,  eventually 
general  convulsions,  occur.  If  the  pulse  is  still  palpable,  it  is  itermit- 
tent  and  less  frequent.  The  respiration  is  slowed  and  usually  superficial. 
The  body  feels  cold,  and  the  thermometer  shows,  even  in  the  body 
cavities,  less  than  32°  F.  The  pallor  of  the  skin  changes  to  an  ashen 
yellow.     Death  is  at  hand. 

The  hemorrhage  may  cease  at  any  stage,  either  spontaneously  or 
artificially.  Under  these  circumstances  the  further  course,  the  possi- 
bility of  recovery,  and  the  duration  of  convalescence  depend  on  the 
amount  of  blood  lost.  Still  there  are  limits  beyond  which  the  hemor- 
rhage is  necessarily  directly  fatal  even  when  it  has  been  checked  before 
death  has  actually  occurred.  Moreover,  though  these  statements  are 
only  approximate,  it  may  be  affirmed  with  certainty  that  an  adult  will 
not  recover  from  the  loss  at  one  time  of  more  than  half  his  entire  blood 
(Panum).  The  results  of  the  numerous  experiments  on  animals  (see 
later)  (Feis,  Maydl)  in  regard  to  this  point  can  not  be  immediately 
applied  to  man  because  different  species  of  animals  show  very  different 
powers  of  resistance  to  hemorrhage.  General  experience  would  seem 
to  show,  however,  that  man  can  stand  the  loss  of  a  greater  percentage 
of  blood  than  the  majority  of  experimental  animals.  If  the  hemorrhage 
is  checked  before  a  fatal  amount  is  lost,  the  patient  is  yet  in  great  danger 
during  the  days  immediately  following.  The  disease-picture  is  then 
dominated  by  an  intense  weakness  which  may  make  the  slightest  active 
movement  impossible.  The  functions  of  almost  all  organs  are  depressed, 
and  ill  the  majority  of  cases  we  find  important  alterations  which  require 
a  separate,  more  accurate  description. 
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SYMPTOMATOLOGY. 

Alterations   of  the   Blood   and   of  the  Bone-marrow. — 

Interest  is  attracted  first  to  the  alterations  manifested  by  the  blood  as 
a  result  of  its  loss  in  quantity. 

As  mentioned  previously,  all  authorities  agree  that  there  is  an  im- 
mediate increase  in  the  watery  elements  of  the  blood  after  a  moderate 
hemorrhage — e.  g.,  50  to  100  c.c.  Following  slight  losses  of  blood, 
therefore,  there  is  no  diminution  of  the  amount  of  fluid  in  the  vessels ; 
in  other  words,  no  pure  oligemia.  Since  we  have  no  accurate  method  of 
making  such  observations,  it  can  not  yet  be  stated  with  certainty  whether 
the  amount  of  blood  is  diminished  for  any  considerable  time  even  after 
copious  hemorrhages.  After  violent,  immediately  fatal,  hemorrhages 
a  marked  diminution  of  the  amount  of  blood  naturally  occurs,  since 
the  replacement  of  fluid  from  the  tissues  naturally  requires  more  time 
than  the  actual  hemorrhage.  Such  cases,  therefore,  show  on  section 
extremely  small  amounts  of  blood   in  the  vessels. 

Following  slight  and  moderately  severe  hemorrhages  the  lost  blood 
is  so  rapidly  replaced  by  fluid  from  the  chyle  and  lymph- vessels  and 
the  tissues  that  the  eventual  difference  in  the  amount  of  blood  bears 
DO  relation  to  the  severity  of  the  hemorrhage. 

This  replacement  of  the  fluid  by  other  tissue-juices  necessarily  leads 
to  considerable  qualitative  alterations  of  the  blood.  The  most  con- 
spicuous of  these  is  the  increase  in  the  quantity  of  water  in  the  blood, 
the  hydremia.  This  is  demonstrable  by  the  specific  gravity,  the  quan- 
tity of  dried  substance,  and  the  percentage  by  volume  of  red  blood-cor- 
puscles, and  it  is  the  more  marked  the  greater  the  hemorrhage. 

According  to  Herz,  v.  Jaksch,  Dunin,  this  increase  in  water  affects 
especially  the  red  blood-corpuscles,  while  the  serum  is  comparatively 
little  altered  in  its  composition.  E.  Grawitz  and  Hammerschlag,  on 
the  contrary,  refer  the  hydremia  of  the  blood  in  post-he morrhagic  con- 
ditions, particularly  to  an  increase  of  water  in  the  serum. 

The  investigations  of  M.  Herz  especially  tend  to  show  an  increase 
of  water  in  the  red  blood-corpuscles,  and  it  was  in  cases  of  post-hera- 
orrhagic  anemia  that  he  first  described  the  "  acute  swelling  of  the  blood- 
discs."  He  found,  for  instance,  in  one  case  of  hematemesis  seven  to 
ten  hours  after  the  hemorrhage,  900,000  red  blood-corpuscles  (instead 
of  the  normal  4,500,000),  and  their  percentage  volume  (estimated  by 
the  hematocrit)  28  per  cent,  (instead  of  the  normal  40  to  50  per  cent.). 
From  this  Herz  reckoned  that  the  average  volume  of  the  individual 
corpuscles,  which  normally  amounts  to  800  to  1000  (sc.  Y7j-f]ri5-¥(7Tnnnr 
cm.),  had  increased  to  3069. 
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This  observation  can  be  explained  only  by  assuming  that  the  blood- 
cells  were  markedly  swollen  by  the  taking  up  of  water. 

The  further  course  of  this  case  is  remarkable.  Nine  days  later  the 
number  of  red  blood-cor})Uscles  was  1,040,000,  the  entire  volume  12  per 
cent.,  when  the  average  volume  of  the  individual  cells  would  be  1053. 
This  result,  therefore,  indicates  that  a  swelling  still  existed  even  though  the 
numbers  were  nmch  nearer  normal. 

The  niateiial  at  hand  concerning  the  diminution  in  the  number  of 
blood=corpuscles  and  in  the  absolute  and  relative  amount  of  hemoglobin 
is  much  richer.  A  mathematical  ratio  between  this  qualitative  diminu- 
tion and  the  amount  of  blood  lost  can  not  be  expected,  as  is  evident 
from  Vierordt's  animal  experiments,  in  which  the  diminution  in  the 
number  of  blood-corpuscles  was  relatively  less  the  greater  the  loss  of 
blood.  Still,  these  figures  represent  the  most  accurate  expression  of  the 
existing  alterations. 

The  following  example  (F.  A.  Hoffmann)  of  a  pretty  copious  vene- 
section may  act  as  an  introduction  to  the  writer's  remarks  :  425  gm. 
of  blood  were  taken  from  a  robust  man  of  84.46  kg.  weight  with 
5,219,000  red  blood-corpuscles  per  c.mm.  and  15.14  hemoglobin  per 
100  gm.  blood.  One-half  hour  later  the  number  of  blood-corpuscles  was 
4,762,000,  the  hemoglobin  13.63  ;  one  day  later,  4,681,000  and  13.41. 
If  the  blood  is  reckoned  as  one-thirteenth  part  of  the  body  w^eight,  6 
per  cent,  of  the  entire  amount  of  blood  was  withdrawn,  yet  the  diminu- 
tion of  the  corpuscles  and  the  hemoglobin  amounted  after  half  an  hour  to 
about  10  per  cent.,  and  the  next  day  to  even  more.  We  can  naturally 
only  conclude  that  the  amount  of  blood  lost  was  measured  exactly,  and 
that  the  other  figures,  therefore  fluctuate  within  more  or  less  wide 
limits. 

[Regarding  the  dilution  of  the  blood  consequent  npon  hemorrhage 
the  editor  quotes  the  following  from  his  discussion  of  the  subject:^ 

"  Liquid  is  in  some  way  absorbed  by  the  blood,  and  the  ready 
explanation  that  the  vessels  are  filled  by  the  juices  of  the  various 
tissues  is  at  hand.  There  is  not,  however,  a  mere  dilution  with  water, 
as  chemic  analyses  readily  demonstrate.  For  example  I  would  quote 
tlu!  following  experiment : 

"A  pniall  dog  weighinfr  16  kilos,  was  bled  from  the  juirular  vein,  one- 
third  of  his  total  blood  (estimating  the  total  (|uantity  at  one-thirteenth  of  the 
body  wei,i,dit)  being  removed.  Before  the  experiment  tlie  following  values 
were  determined  :  red  blood-corpuscles,  6,900,000  ;  white  blood-eorpuscles, 
42,000  ;  specific  gravity  of  blood,  1095.9  ;  specific  gravity  of  serum,  1022.8  \. 

'  Jimr.  Amer.  Med.  Ai^soc,  July  24,  1897. 
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dry  residue  of  blood,  23.2  per  cent.  ;  dry  residue  of  serum,  7.4  per  cent. 
Ten  minutes  after  the  bleeding,  small  quantities  were  taken  for  examination 
and  the  following  results  obtained  :  red  blood-corpuscles,  6,610,000  ;  white 
blood-corpuscles,  19,600;  specific  gravity  of  blood,  1055.9;  specific  gravity 
of  serum,  1022.6  ;  dry  residue  of  blood,  21.6  per  cent. ;  dry  residue  of 
serum,  6.9  per  cent. 

"  It  will  be  noted  that  there  was  no  immediate  change  in  the  quantity 
of  blood  ;  at  least  no  striking  change.  Seven  hours  after  the  bleeding  the 
following  figures  were  obtained :  red  blood-corpuscles,  2,615,000 ;  white 
blood-corpuscles,  20,600. 

"  Chemic  analyses  were  not  made  at  this  time,  but  were  carried  out  at 
the  next  examination,  forty-eight  hours  after  the  original  bleeding.  The 
animal  was  again  etherized  and  blood  removed  from  the  femoral  vein  :  red 
blood-corpuscles,  3,100,000;  white  blood-corpuscles,  26,000  ;  specific  gravity 
of  blood,  1046.7;  specific  gravity  of  serum,  1022.1;  dry  residue  of  blood, 
10.47  per  cent.  ;  dry  residue  of  serum,  7.4. 

"From  the  similarity  in  the  blood-count  at  this  and  the  previous  exami- 
nation, the  writer  assumes  that  the  dry  residue  of  the  blood  and  serum 
would  have  been  found  practically  the  same  at  the  previous  examination. 
It  is  evident  then  that  the  mass  of  the  blood  is  soon  diluted  after  hemor- 
rhage, and  the  diluting  fluid  is  approximately  the  same  in  density  and 
probably  in  character  as  the  original  plasma.  This  is  shown  by  the  preser- 
vation of  the  normal  conditions  of  the  serum  while  the  total  blood  has  under- 
gone diminution  in  weight  and  in  solid  residue. 

"  The  manner  in  which  this  change  occurs  is  of  very  great  physiologic 
interest,  and  bears  important  relations  to  the  etiology  of  anemia.  Either 
there  is  a  direct  transfer  of  the  liquids  of  the  body  to  the  vascular  system 
through  the  walls  of  the  vessels,  and  a  depletion  therefore  of  the  general 
system  in  favor  of  the  blood,  or  there  are  active  secretory  processes  affecting 
the  vessels,  according  to  the  theory  of  Heidenhain." — Eix] 

That  the  amount  of  hemoglobin  and  the  number  of  corpuscles 
reached  their  lo\vest  figure  not  immediately  after  the  hemorrhage,  but 
only  some  time  later,  is  au  observation  that  has  been  frequently  con- 
firmed, and  this  decrease  continues  longer  and  reaches  lower  figures  the 
larger  the  hemorrhage.  The  reason  for  this  is  clear.  The  increase  of 
corpuscles  and  fluid  from  the  tissues  takes  place  gradually  ;  the  thinning 
of  the  blood,  therefore,  progressess  for  a  long  time  after  the  hemor- 
rhage, producing  a  further  decrease  in  the  relative  numbers.  In  addi- 
tion to  this,  according  to  Ehrlich,  the  hydremia  produces  a  rapid 
destruction  of  the  least  resistant  erythrocytes. 

Practical  and  accurate  methods  have  enabled  the  writer  to  estimate 
the  limits  to  which  the  percentage  of  hemoglobin  and  number  of  cor- 
puscles may  sink  without  proving  fatal.  Vierordt  affirmed  after  experi- 
ments on  animals  that  a  decrease  in  the  number  of  corpuscles  to  50  jier 
cent,  was  fatal,  but  this  has  been  proved  false  in  animals  (Buntzen, 
Gurber),  and  even  more  in  man.  Laache  described  several  cases  where 
the  number  of  corpuscles  sank  below  50  per  cent.,  and  one  especially 
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in  which  the  number  was  only  32  per  cent,  of  the  normal.  Behier 
observed  after  a  metrorrhagia  a  diminution  to  19  per  cent.,  with  com- 
plete recovery.  The  lowest  percentage  with  recovery  in  an  acute 
anemia  was  observed  by  Hayem  in  the  case  of  a  woman  who  had  two 
severe  puerperal  hemorrhages  within  six  days,  and  manifested  fifteen 
hours  after  the  second  hemorrhage  a  diminution  in  the  blood-corpuscles 
to  about  1 1  per  cent,  of  the  normal. 

The  in'ogresfi  of  recovery  is  also  most  evident  from  the  percentage  of 
hemoglobin  and  the  number  of  red  blood-corpuscles.  As  a  rule  they 
reach  their  lowest  mark  one  to  three  days  after  the  hemorrhage,  though 
sometimes  somewhat  later,  up  to  seven  days.  Siegl  and  Maydl  observed 
the  minimum  after  severe  hemorrhages  between  the  fifth  and  eleventh 
day.  The  percentage  of  hemoglobin  experiences  a  greater  decrease  than 
that  of  the  red  blood-corpuscles.  Moreover,  in  recuperation  the  two 
do  not  run  parallel,  but  the  former  lags  considerably  behind  the  latter. 
This  remarkable  phenomenon,  for  which  we  have  seen  an  analogy 
in  the  discussion  of  the  influence  of  altitude  on  blood-formation  (see 
page  22),  may  be  expressed  in  other  words,  namely,  that  the  individual 
corpuscles  fail  to  obtain  their  full  quota  of  hemoglobin  during  this 
stage  of  restitution.  This  is  partly  explained  by  the  fact  that  a  large 
number  of  corpuscles  do  not  attain  normal  size,  many  smaller  forms, 
even  microcytes  (see  below),  being  almost  regularly  seen.  Still  this 
explanation  does  not  apply  to  all  cases,  since  microcytes  are  sometimes 
entirely  wanting  (Laache).  In  these  cases  we  must  assume  with 
Laache  that  the  corpuscles  discharged  by  the  blood-making  organs  are 
poorer  in  hemoglobin  than  is  normal. 

Laache  has  shown  this  f)henonienon  in  a  very  instructive  curve  (see  Fig. 
5).  This  is  from  a  case  of  severe  anemia  produced  by  a  complicated  fract- 
ure of  the  leg  in  a  previously  healthy  sixteen-year  old  girl.  The  narrow 
line  shows  the  gradual  increase  in  number  of  red  blood-corpuscles  from 
1,400,000  to  the  normal  within  about  two  months.  The  broad  line  shows 
the  number  of  corpuscles  corresponding  to  the  amount  of  hemoglobin  in 
conif)arison  with  the  normal.  On  December  16,  for  instance,  5,200,000  red 
blood-corpuscles  per  c.mm.  were  found,  but  these  were  so  deficient  in  hemo- 
globin that  they  correspond  only  to  3,600,000  normal  blood-corpuscles.  The 
elaboration  of  hemoglobin,  therefore,  remained  considerably  behind  the  new 
formation  of  blood-corpuscles. 

Morphologic  alterations  in  the  bloods-cells  are  likewise  noticeable 
after  an  acute  hemorrhage.  In  the  case  of  the  er^ythroeytes,  for  instance, 
normoblasts  are  found  after  every  severe  hemorrhage,  from  the  second 
or  third  day  to  the  ('om])letion  of  regeneration,  provided  the  blood  is 
examined  sufficiently  frequently,  namely,  once  or  twice  daily.     Usually 
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not  very  many  of  them  are  thrown  into  the  circulation,  so  that  they  are 
readily  overlooked  when  the  examination  is  hastily  or  not  regularly 
done.  Still  in  some  cases  which  can  not  be  otherwise  characterized, 
normoblasts  appear  in  such  uncommonly  large  numbers  that  one  is 
seen  in  every  field  of  the  stained  preparation ;  in  rare  cases  they  con- 
stitute even  a  considerable  portion  of  all  the  erythrocytes.  Since  the 
occurrence  of  normoblasts  is  a  transitory  phenomenon,  it  is  undoubtedly 
more  frequent  than  observation  would  indicate,  and  it  deserves  all  the 
significance  which  recent  writers  attribute  to  it  in  the  way  of  regenera- 
tion of  the  blood,  v.  Noorden  was  the  first  to  observe  that  a  consider- 
able increase  in  blood-corpuscles  immediately  followed  the  appearance 
of  numbers  of  erythroblasts  ("blood  crisis,"  see  Plate  I.,  No.  1).  In 
rare  cases  of  traumatic  anemia  microblasts  also  appear  in  the  circu- 
lation. 

After  mild  and  moderately  severe  hemorrhages  a  polychromatophilia 
of  the  red  discs  is  apparent  within  the  first  twenty-four  hours,  which 
completely  disappears  after  a  longer  or  shorter  time  corresponding  to 
the  general  course  of  restoration.  This  occurrence  of  polychromato- 
philia in  acute  post-hemorrhagic  anemia  makes  it  probable  (Ehrlich) 
that  it  represents  a  degeneration  of  the  red  blood-corpuscles  produced 
by  the  altered  chemic  composition  of  the  blood.  Generally  the  indi- 
vidual corpuscles  show  no  noticeable  impoverishment  of  hemoglobin  ; 
pessary  forms  are  only  rarely  encountered  in  acute  conditions. 

Poikilocytes  and  microcytes,  which  may  also  appear  one  to  two  days 
after  the  hemorrhage,  are  frequently  met  in  large  numbers,  but  by  no 
means  regularly  (Laache). 

The  dimensions  of  the  red  blood-corpuscles  following  a  hemorrhage 
are  usually  greater,  and  are  shown  by  the  experiments  of  Erb,  Manas- 
sein,  and  Tschudnowsky.  This  "  acute  swelling  "  (Herz)  is  not  very 
evident  microscopically,  for  the  reason  that  the  enlargement  is  not  in 
the  flat  diameter,  yet  in  depth  they  are  undoubtedly  increased,  since  it 
requires  a  greater  number  of  turns  of  the  micrometer  screw  to  proceed 
from  the  top  to  the  bottom  of  the  concavity  of  the  corpuscle. 

The  white  blood-corpuscles  are  also  worth  noting  in  acute  anemia. 
In  the  majority  of  cases,  though  not  constantly,  we  observe  immediately 
after  the  hemorrhage  a  primary  relative  and  later  an  absolute  increase 
in  the  polynuclear  neutrophile  leukocytes.  Still,  no  rule  can  as  yet  be 
stated  in  regard  to  this  from  the  numerous  clinical  and  experimental 
investigations  of  Lyon,  Malassez,  Buntzen,  Vierordt,  Huhnerfauth, 
Kronecker,  Erb,  and  Rieder.  All  grades  of  leukocytosis  are  fi)und, 
from  an  evident  hypoleukocytosis  to  such  a  marked  hyperleukocytosis 
11 
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that  a  hasty  glance  may  produce  the  impression  of  a  leukemia,  especi- 
ally when  normoblasts  are  simultaneously  present. 

When  a  hyperleukocytosis  occurs  during  an  acute  anemia,  it  is  of 
short  duration,  and  usually  terminates  with  the  restoration  of  the  red 
blood-corpuscles  and  the  hemoglobin. 

In  a  small  number  of  cases  the  proportion  of  the  different  white 
blood-corpuscles  is  altered  in  favor  of  the  lymphocytes,  w'hich  is  readily 
explained  by  the  increased  activity  of  the  lymph  circulation.  [In  one 
of  the  editor's  cases  the  differential  count  was  as  follows  :  Poly- 
morphonuclear, 43.5  per  cent,  ;  lymphocytes,  27.1  per  cent.  ;  mono- 
nuclear, 16.4  per  cent.;  transitional,  10  per  cent.;  eosinophiles,  2.8 
per  cent.  Cabot  refers  to  a  case  in  which  the  lymphocytes  numbered 
69  per  cent.,  and  the  polymorphonuclear  only  28  per  cent. — Ed.] 

The  writer  had  the  opportunity  of  observing  in  one  patient,  who 
suffered  from  a  moderately  severe  traumatic  hemorrhage  (wound  of  the 
liver),  an  exceptional  and  remarkable  phenomenon.  Preparations  made 
six  days  after  the  accident  showed,  besides  a  pretty  marked  poikilo- 
cytosis  and  isolated  normoblasts,  a  large  number  of  myelocytes.  These 
constituted  13.7  per  cent,  of  all  the  white  blood-corpuscles,  with  a  pro- 
portion of  whites  to  reds  of  1  :  650.  Three  days  later  no  trace  of 
myelocytes  could  be  found  in  the  blood  and,  omitting  one  normoblast, 
nothing  abnormal  was  seen. 

Another  very  rare  occurrence  observed  by  Ehrlich  in  a  severe  case 
of  post-hcmorrhagic  anemia  may  also  be  mentioned.  He  found  the 
polynuclear  cells  entirely  free  of  granules.  He  explains  this  phe- 
nomenon by  assuming  that  the  organism  lost  its  power  of  producing 
neutrophile  substances  on  account  of  the  severe  loss  of  blood. 

The  origin  of  this  post-hemorrhagic  leukocytosis  has  been  variously 
explained.  According  to  Virchow,  it  is  to  be  attributed  to  the  fact  that 
the  white  l)lood-corpuscles,  on  account  of  their  adhesiveness,  do  not  so 
readily  leave  the  vessels.  Again,  the  first  result  of  the  loss  of  blood, 
namely,  the  dilution  of  the  remaining  blood  by  chyle  and  lymph,  which 
are  free  from  erythrocytes  but  rich  in  colorless  cells,  naturally  influences 
the  proportion  of  the  white  to  red  in  favor  of  the  former.  Ehrlich 
considers  it  due  to  irritation  of  the  bone-marrow.  [In  this  connection 
the  seemingly  ])aradoxic  result  of  bleeding  in  chlorosis  may  be  considered. 
Numerous  observers  have  found  that  the  repeated  abstraction  of  small 
amounts  of  blood  sometimes  exercises  a  beneficial  effect  in  the  treatment 
of  chlorosis.  Various  explanations  have  been  offered  to  explain  this 
result,  among  which  an  important  one  is  that  which  attributes  the 
improvement  of  the  blood  to  a  stimulation  of  the  bone-marrow. — Ed.] 
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EXPLANATION  OF  PLATE  I. 

Fig.  1. — Preparation   from   an   Acute   Posthemorrhagic  Anemia 
DURING  A  Blood  Crisis. 

a,  Normal  red  blood-corpuscles  ;  the  pale  ones  contain  less  hemoglobin ; 
i,  normoblasts ;  b,  normoblast  with  polychromatophilic  protoplasm  ;  c  and  c,' 
normoblasts  showing  the  nucleus  in  the  act  of  leaving  the  cell ;  d,  free 
nuclei  of  normoblasts ;  e,  lymphocyte ;  /,  polynuclear  leukocyte. 

Fig.  2. — Preparation  from  a  very  Severe  Simple  Chronic  Anemia 
(a  Case  of  Tertiary  Syphilis). 

rt,  Red  ]:>lood-corpuscles  showing  marked  polychroraatojihylic  degenera- 
tion; b,  blood-corpuscles  showing  extreme  oligochromemia — "Pessary 
forms";  c,  microcytes;  d,  blood-platelets;  e,  polynuclear  leukocytes;  /,  large 
mononuclear  leukocyte. 

The  drawings  were  made  from  preparations  fixed  in  absolute  alcohol  and 
stained  with  Chenzinsky's  fluid.  Microscope :  Leitz,  Oil-immer.  jV*  Oc.  I, 
Tube-lenirth  16. 
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As  a  matter  of  fact,  each  one  of  these  factors  may  participate.  Special 
cases  like  that  mentioned  above,  in  which  myelocytes  occurred  in  large 
numbers,  are  only  to  be  explained  by  Ehrlich's  assumption. 

Another  important  alteration  which  takes  place  immediately  after 
the  hemorrhage  and  is  sometimes  active  in  checking  it,  is  an  increase  in 
coagulability.  According  to  E.  Freund's  investigations,  the  time  of 
coagulation  may  be  hastened  from  nine  to  three  minutes  by  hemorrhage. 
The  writer  has  mentioned  iu  another  place  Hayem's  observation  which 
stands  in  close  relation  to  this  fact,  namely,  that  the  blood-platelets  are 
markedly  increased  in  post-hemorrhagic  anemia. 

The  alterations  which  the  bone=marrow,  especially  that  of  the  long 
bones,  undergoes  after  severe  hemorrhage  must  not  be  omitted.  From 
animal  experimentation  (Litten  and  Orth)  and  occasional  autopsies, 
we  know  that  a  few  days  after  the  hemorrhage  the  fatty  marrow  is 
transformed  to  red  marrow  and  contains  enormous  numbers  of  nucleated 
red  blood-corpuscles ;  in  other  words,  normoblasts.  This  metamor- 
phosis gives  the  key  to  the  clinical  morphologic  alterations  of  the  blood 
just  described,  namely,  the  appearance  of  normoblasts  and  the  occasional 
occurrence  of  hyperleukocytosis. 

ALTERATIONS  IN  THE  GENERAL  CONDITION  AND  IN  THE 
INDIVIDUAL  ORGANS. 

These  alterations  in  the  blood  give  to  the  general  picture  its  striking 
symptom,  namely,  the  pallor  of  the  skin  and  of  the  mucous  mem- 
branes. In  acute  anemic  conditions  this  manifests  a  peculiarity  not 
only  of  degree,  but  also  of  color,  by  which  it  is  differentiated  from  the 
pallor  of  chronic  conditions.  The  color,  unlike  that  in  chronic  disease, 
is  not  yellowish,  but  whitish,  and  resembles  much  more  the  color  which 
we  see  under  severe  psychic  excitement,  as  shock,  fright,  and  the  like. 
This  difference  in  the  color  of  the  skin  attracts  attention  even  after 
hemorrhages  in  persons  previously  anemic  and  very  pale — e.g.,  a  gastric 
or  duodenal  hemorrhage  in  a  chlorotic  patient. 

The  tendency  to  slight  edema,  especially  about  the  malleoli,  must  be 
attributed  to  the  hydremia.  This  edema  occurs  even  with  the  horizontal 
position,  and  is  almost  always  seen  when  with  the  recurrence  of  strength 
the  patient  walks  about  for  the  first  time.  It  is  undoubtedly  inde- 
pendent of  albuminuria,  since  it  also  appears  when  no  trace  of  albumin 
can  be  found  in  the  urine.  Whether,  as  Cohnheim  affirms,  a  perme- 
ability of  the  vessels  is  to  be  made  responsible,  or  whether  the  abnormal 
chemic  composition  of  the  blood  itself  creates  other  conditions  under 
which  transudation  may  occur,  can  not  be  stated  with  certainty. 
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FischI  first,  and  later  Quincke  and  many  others,  described  an 
albuminuria  after  very  severe  hemorrhages.  In  rare  cases  it  appears 
several  hours  after  the  hemorrhage  and  reaches  a  pretty  high  grade. 
Microscopically  the  urinary  sediment  shows  only  isolated  hyaline  casts 
and  kidney  cj>ithelium,  but  no  signs  of  renal  inflammation.  At  the 
autojisy  on  a  patient  who  succumbed  immediately  after  repeated  hemor- 
rhages, all  of  which  took  place  within  twenty  hours,  and  whose  urine 
showed  considerable  amounts  of  albumin,  Quincke  was  able  to  demon- 
strate that  the  kidney  epithelium  was  completely  uninjured.  In  spite 
of  this,  it  seems  justifiable  to  refer  the  abnormal  excretion  of  albumin 
to  lesions  of  the  kidney  epithelium,  which  are  produced  by  the  severe 
circulatory  disturbance  and  the  defective  nutrition,  yet  are  not  demon- 
strable microscopically.  Still,  the  watery  composition  of  the  blood 
creates  other  conditions  of  diffusion  which  may  be  capable  of  producing 
the  passage  of  albumin  into  the  uriniferous  tubules.  It  may  even  be 
possible,  as  Quincke  suggests,  that  the  albuminous  material  passing 
into  the  blood  from  the  tissue-juices  is  not  completely  identical  with 
serum-albumin,  and,  therefore,  produces  an  irritation  of  the  kidneys 
which  leads  to  an  abnormal  permeability. 

Except  this  occasional  albuminuria,  no  other  abnormal  constituent 
is  found  in  the  urine  in  traumatic  anemia.  The  urine  is  pale,  and  its 
daily  amount  is,  as  a  rule,  increased.  This  is  naturally  not  to  be  attrib- 
uted to  the  disease-process  per  se,  but  rather  to  the  copious  ingestion  of 
fluid  resulting  from  the  intense  thirst. 

The  changes  in  metabolism  in  acute  hemorrhage  have  been  the 
subject  of  numerous  experimental  investigations.  On  the  basis  of  the 
early  exjjeriments  of  Bauer  it  was  long  assumed  that  the  processes 
of  oxidation  are  diminished.  Still  further  animal  experimentation 
(Griiber)  has  shown  that  the  consumption  of  oxygen  itself  is  no  less 
than  in  health,  at  least  as  long  as  the  physical  essentials  to  the  circula- 
tion are  preserved  or  are  replaced  by  a  suitable  fluid  substitute. 
v.  Jiirgensen  called  attention  to  the  fact  that  with  an  absolute  diminution 
of  the  functional  capability  of  the  hemoglobin,  the  organism  preserves 
its  physiologic  activity  by  an  increase  in  respiratory  frequence  and 
cardiac  energy  ;  while  F.  Kraus  found  from  his  experiments  that  not  the 
frequency  but  the  depth  of  the  respiration  underwent  an  increase. 

In  addition  to  these  two  factors,  we  have  poikilocytosis  (previously 
considered  in  regard  to  this  same  point),  which  so  distributes  the  hemo- 
globin present  that  it  offers  an  increased  surface,  and  is  thus  capable  of 
meeting  the  greater  demands. 

There   is  likewise  a  lively  contradictory  discussion   in    relation  to 
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albuminous  decomposition  in  acute  anemia.  Bauer  found  after  the  with- 
drawal of  a  considerable  amount  of  blood  from  a  dog,  the  excretion  of 
nitrogen  increased  to  30  per  cent,  and  over ;  and  Kolisch  reports  a  case 
of  severe  post-hemorrhagic  anemia  with  ulcus  ventriculi  in  which  there 
was  a  marked  increase  in  the  excretion  of  nitrogen,  amounting  to  about 
three  times  the  amount  ingested ;  moreover,  according  to  the  same 
authority,  Neusser  found  in  a  similar  case  even  five  to  six  times  the 
amount  of  nitrogen,  v.  Noorden  reports,  however,  two  cases  of  dan- 
gerously severe  gastric  hemorrhage  which  neither  on  the  day  of  the 
hemorrhage  nor  subsequently  excreted  more  nitrogen  than  would  cor- 
respond to  the  amount  ingested. 

In  all  forms  of  severe  or  long-continued  anemia,  especially  in 
anemias  following  a  single  severe  or  repeated  hemorrhage,  fatty 
degeneration,  particularly  in  the  circulatory  system,  has  been  observed 
(Ponfick).  In  mild  cases  this  aifects  the  connective-tissue  cells  of  the 
intima  of  the  larger  arteries  and  of  the  endocardium  ;  in  severe  cases 
the  heart-muscle  itself.  Perl  found  in  dogs  after  the  withdrawal  of 
blood  by  repeated  venesection  at  long  intervals  the  cardiac  musculature, 
especially  the  papillary  muscles  on  the  left  side,  sometimes  devoid  of 
cross-striations  and  the  sarcolemma  filled  with  fat-droplets.  In  cases 
in  which  the  hemorrhage  is  followed  by  death  after  some  days,  more  or 
less  fatty  degeneration  is  found  also  in  the  capillaries,  especially  of  the 
brain,  and  in  the  glandular  cells  of  the  liver,  stomach,  and  renal  cortex. 

The  older  writers  attributed  this  fattv  defeneration  to  the  diminished 
oxidation  brought  about  by  the  anemia.  More  recent  investigations 
(Kraus,  Thiele,  and  Nehring)  not  only  unanimously  contest  the  occur- 
rence of  a  diminution  of  the  oxygen  consumption,  but  also  assert  that 
there  is  an  augmentation  of  it  in  comparison  with  the  normal.  Still  it 
would  be  hasty  to  dismiss  the  above-mentioned  explanation  before 
another  sound  one  is  proposed ;  for  the  statistics  at  our  disposal  are 
obtained  from  the  gas  metabolism  of  the  entire  organism,  and  they  natu- 
rally do  not  show  the  variations  which  might  take  place  in  individual 
organs. 

That  in  conditions  of  severe  acute  anemia  the  heart  and  the  vessels 
occupy  a  unique  position  is  evident  from  the  fact  that  the  functions 
of  all  other  organs  are  decidedly  depressed,  at  times  almost  wanting ; 
while  the  activity  of  the  circulation  continues  ;  in  fact,  the  sum  total 
of  its  activity  may  be  increased  in  comparison  with  the  normal.  The 
organism  as  a  whole  can,  therefore,  be  sufficiently  provided  for,  while 
the  metabolism  of  individual  parts  is  defective.  An  analogous  occur- 
rence for  which    this   explanation   is   appropriate   is   presented   by  the 


166  SIMPLE  ANEMIA. 

ocular  muscles,  which,  according  to  A.  Friinkel,  may  degenerate  in 
pernicious  anemia  in  the  same  way  as  the  cardiac  musculature. 

As  a  result  perhaps  of  the  fatty  degeneration  of  the  vessels  there 
is  a  decided  tendency  to  spontaneous  hemorrhage.  Hemorrhages 
from  the  gums,  from  the  nose,  from  the  uterus,  and  into  the  retina  may 
give  rise  to  severe  complications  and  seriously  retard  the  general 
restoration. 

In  considering  the  disturbances  of  the  circulation  in  acute  anemia, 
we  must  first  describe  those  produced  immediately  by  the  hemorrhage. 
Observations  on  man  have  been  naturally  made  only  within  the  narrow- 
est limits,  yet  careful  animal  experimentation  has  taught  that  on  a  rapid 
withdrawal  of  a  large  amount  of  blood  the  arterial  pressure  rapidly 
sinks  and  the  pulse  becomes  small  and  compressible.  If  the  hemor- 
rhage ceases,  the  arterial  pressure  returns  to  normal  in  a  few  minutes, 
and,  according  to  Cohnheim,  dogs  stand  the  loss  of  more  than  one-fourth 
the  entire  amount  of  blood  without  any  persistent  reduction  of  the 
arterial  pressure.  This  is  brought  about  by  automatic  regulation  in 
that  the  vasomotor  center  is  readily  stimulated  by  the  anemia  and  so 
re-establishes  the  necessary  pressure  by  contraction  of  the  vessels. 
Moreover,  if  by  the  introduction  of  fluid  from  the  tissues,  the  contents 
of  the  vascular  system  are  restored  to  their  original  amount  (a  process 
which  takes  place  very  rapidily),  the  old  tension  is  approached. 

After  the  hemorrhage,  during  the  development  of  the  anemic  con- 
dition, several  disturbances  of  the  mechanics  of  the  circulation  are  to 
be  noted  which  can  be  demonstrated  on  a  careful  study  of  the  pulse. 
The  damage  suffered  by  the  heart  in  the  greater  or  less  fatty  degenera- 
tion of  its  muscle  has  been  stated  before.  These  anatomic  changes 
explain  the  persistence  of  a  pronounced  debilitas  cordis,  even  after  the 
disturbances  of  the  composition  of  the  blood  have  been  fully  compen- 
sated for.  The  entire  heart  action  is  more  feeble,  the  heart-sounds  are 
weak  and  frequently  associated  with  or  replaced  by  characteristic  acci- 
dental murmurs.  The  pulse  remains  very  feeble  for  weeks,  even  after  it 
has  become  of  its  normal  volume.  The  often-occurring  slight  alteration 
in  frequency  is  especially  characteristic.  During  the  first  few  days  after 
tlie  hemorrhage  an  energetic  movement  in  bed  may  produce  violent  pal- 
pitation of  the  heart  and  suddenly  increase  the  frequency  of  the  pulse  ; 
in  later  stages  the  same  effects,  or  even  sometimes  conditions  resembling 
collapse,  are  produced  by  relatively  trifling  causes — e.  g.,  a  change 
between  lying  and  sitting,  an  evacuation  of  the  bowels,  or  even  slight 
psychic  emotion.  AVe  have,  in  fact,  a  condition  which  closely  simulates 
that  occurring  in  the  convalescence  of  certain  infectious  diseases,  especi- 
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ally  the  intoxications.  Moreover,  we  see  after  severe  hemorrhages,  as 
well  as  after  diphtheria  or  typhoid  fever,  pitiable  cases  where  the  con- 
valescent, animated  by  the  feeling  of  fully  restored  health  and  strength, 
makes  too  great  a  muscular  effort,  such,  for  instance,  as  leaving  the  bed 
too  soon,  and  succumbs  to  a  cardiac  paralysis  (Immermann). 

The  functional  activity  of  the  digestive  organs  is  likewise  reduced 
to  the  lowest  level.  Immediately  after  the  loss  of  blood  from  the  ves- 
sels a  burning  thirst  usually  sets  in,  the  satisfying  of  which  helps  to 
compensate  for  the  loss  in  fluid  suffered  by  the  body.  The  desire  for 
food  is,  on  the  contrary,  primarily  depressed,  and  the  power  of  absorb- 
ing food,  especially  solids,  is  markedly  lowered,  so  that  diet  demands 
the  most  careful  watching  both  in  regard  to  amount  and  quality. 
Moreover,  this  must  be  exercised  more  scrupulously  in  the  further  stage 
of  convalescence,  since  a  voracious  appetite  usually  comes  on  which 
induces  the  patient  to  put  more  work  on  the  digestive  organs  than  they 
can  stand.  Manassein  found  experimentally,  in  dogs  from  which  he 
removed  by  repeated  venesection  one-third  to  one-half  of  the  entire 
amount  of  blood  within  four  days,  that  tlie  gastric  juice  possessed  much 
less  power  of  digestion  than  under  normal  conditions,  though  by  the 
addition  of  hydrochloric  acid  he  was  able  to  raise  it  to  the  normal. 
On  account  of  the  great  indulgence  required  by  patients  with  acute 
anemia  the  clinical  observations  are  naturally  extremely  scanty.  Kolisch 
recently  examined  a  patient  with  a  severe  subacute  post-hemorrhagic 
anemia  which  proved  fatal,  and  found  a  copious  amount  of  free  hydro- 
chloric acid  in  the  stomach. 

For  the  same  reasons  no  exact  examinations  are  at  hand  on  the 
absorptive  activity  of  the  intestine ;  yet  from  the  clinical  course  in 
I)ersons  previously  healthy,  and  the  extraordinary  rapid  restoration  of 
strength,  it  is  to  be  assumed  that  the  ingested  nourishment  is  completely 
absorbed. 

Scagliosi  recently  observed  anatomic  alterations  in  the  central  ner- 
vous system,  which  from  ihe  report  of  the  case  can  only  be  regarded 
as  a  result  of  the  severe  loss  of  blood.  The  patient  was  a  gravid 
woman,  who  suffered  severe  losses  of  blood  at  intervals  for  about  thirty 
days,  and  during  labor  succumbed.  The  brain  showed  decomposition 
and  solution  of  Nissl's  bodies  ;  the  spinal  cord,  especially  in  the  anterior 
horns,  exhibited  marked  atrophy  of  the  ganglion  cells  and  enlarge- 
ment of  Nissl's  bodies,  associated  with  a  diminished  power  of  staining. 
Scagliosi  reports  no  clinical  symptoms  which  would  correspond  to 
the  anatomic  changes. 

In  the   description  of  severe  hemorrhage  mention   has  been   made 
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that  Jmlludnations  and  delirium  may  appear  as  a  result  of  the  anemia 
and  constitute  a  threatening  if  not  terminal  symptom.  Still  no  reports 
can  be  found  in  the  literature  of  persii^tent  psychoses  which  were 
undoubtedly  due  to  a  severe  loss  of  blood  (Kraift-Ebing). 

Hallervorden  observed  several  cases  of  acute  anemia  accompained 
by  transitory  disturbances  of  speech,  which,  according  to  his  description, 
can  bo  attributed  only  to  the  loss  of  blood,  and  not  to  any  allied  cir- 
cumstance like  fright,  rupture  of  vessels,  etc. 

The  speech  in  this  case  was  anarthric,  and  simulated  that  of  intoxi- 
cation or  bulbar  paralysis.  The  aphasia  in  connection  with  it  was  both 
motor  and  sensory.  Hallervorden  mentions  as  especially  characteristic 
that  the  intensity  of  the  symptoms  depended  on  the  position  of  the 
body  or  the  momentary  condition  of  fatigue.  These  disturbances  are 
most  readily  attributed  to  an  anemia  of  the  nuclei  in  the  medulla 
oblongata  or  of  the  cerebral  cortex.  The  prognosis  seems  to  be  abso- 
lutely favorable. 

A  rather  rare  result  of  marked  loss  of  blood  is  neuralgia.  It  is 
seen  especially  in  the  cerebral  nerves,  and  is  extremely  severe  and 
obstinate. 

As  iu  all  anemic  conditions,  so  too  in  the  post-hemorrhagic,  a  promi- 
nent place  is  taken  by  ocular  complications.  Knies  insists  that  ambly- 
opia and  amaurosis  do  not  occur  after  loss  of  blood  in  persons  other- 
wise completely  healthy,  and  that  an  added  factor  is  necessary.  In 
illustration  of  this  he  states  that  not  a  single  case  of  this  kind  was 
observed  in  the  whole  campaign  of  1870-71.  Still  observations  are 
not  rare,  and  a  very  large  number  of  them  seem  to  have  been  made  in 
cases  of  hemorrhages  from  the  digestive  tract,  especially  hematemesis. 
A  clear  picture  of  the  mechanism  of  such  visual  derangement  is  not 
difiicult  to  draw.  When,  for  instance,  the  blood-pressure  suddenly 
sinks  in  the  whole  vascular  system,  while  the  independent  intra-ocular 
pressure  remains  normal,  the  circulation  of  the  blood  in  the  retina  is 
naturally  made  more  difficult.  This  may  produce  momentary  disturb- 
ances of  sight  ("  Sehwarzsehen  "),  which  rapidly  disappear  with  the 
restoration  of  the  general  blo()(l-])ressurc.  Still,  if  the  circulation  of 
blood  in  the  retina  remains  disturbed  for  some  time,  and  a  disease  of  the 
vessels  of  the  optic  nerve  already  exists,  unilateral  or  bilateral  derange- 
ments of  vision  to  even  complete  blindness  may  occur,  either  early  or, 
as  is  usually  the  case,  several  days  later.  That  these  visual  disturb- 
ances frequently  occur  not  immediately,  but  a  week  or  more  after  the 
hemorrhage,  is  explained  by  the  assumption  that  during  the  ischemia 
degeneration  of  the  delicate  vessel-walls  takes  place,  especially  if  they 
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were  not  entirely  intact  before.  On  the  restoration  of  the  blood-pressure 
then  we  have  rupture  of  continuity  and  hemorrhage  (Knies). 

The  ophthalmoscopic  finding,  even  with  comple  amaurosis,  may  be 
negative,  or  there  may  be  only  a  pallor  of  the  papilla. 

According  to  Schmidt-Rimpler,  recent  cases  usually  show  a  neuritis, 
or  sometimes  a  neuroretinitis  with  isolated  hemorrhages.  When  the 
amaurosis  persists,  atrophy  of  the  optic  nerve  results.  Hirschberg  and 
Rothmaun  describe  in  such  cases  a  delicate  edema  about  the  optic  nerve. 
Schmidt-Rimpler  reports  in  another  volume  of  this  system  hemorrhages 
into  the  vitreous  humor  after  a  violent  epistaxis. 

The  prognosis  of  the  visual  disturbances  after  hemorrhage  is  very 
dubious,  and  in  no  way  directly  dependent  on  the  severity  of  the  hemor- 
rhage. Even  complete  amauroses  are  usually  only  transitory,  though 
they  may  leave  behind  slight  persistent  derangements.  Yet  cases  of 
incurable  amaurosis  or  persistent  severe  amblyopia  have  been  not  infre- 
quently observed. 

[W.  C.  Posey  ^  has  studied  the  condition  of  the  eyes  in  cases  of  sec- 
ondary anemia.  He  notes  that,  as  most  of  his  observations  were  in 
adults  who  had  been  exposed  to  many  causes  which  might  produce  ocu- 
lar lesions,  it  was  impossible  to  exclude  this  from  the  results  of  anemia. 
In  many  cases,  however,  of  anemia  resulting  from  heart  and  stomach 
disease,  he  found  pallor  of  the  discs,  nan-owing  of  the  vessels,  and 
lighter  blood  colunms,  which  were  evidently  conditions  produced  directly 
by  the  anemia.  In  the  majority  of  cases  of  anemia,  however,  even 
where  there  was  a  marked  reduction  in  the  blood  count,  the  fundus  of 
the  eye  was  perfectly  normal. — Ed.] 

DIAGNOSIS. 
The  diagnosis  of  a  severe  acute  anemia  presents  not  the  slightest 
difficulty.  The  problem  of  discovering  the  seat  of  an  internal  hemor- 
rhage, the  chief  symptoms  of  which  are  presented  not  by  the  anemia, 
but  by  the  local  disturbances,  is  not  to  be  solved  here,  where  we  have  to 
do  merely  with  the  recognition  'of  the  anemic  condition  ^vo"  .sc.  This  is 
characterized  by  symptoms  like  general  weakness,  pallor,  a  tendency  to 
fiiinting,  and  the  small  size,  compressibility,  and  changing  frequency  of 
the  pulse,  which  are  so  striking  that  the  occurrence  of  a  severe  internal 
hemorrhage  could  escape  even  the  inexperienced  only  through  the  greatest 
carelessness.  From  a  differential  diagnostic  point  of  view,  all  acute  dis- 
turbances in  the  distribution  of  the  blood,  such  as  are  seen  under  different 
nervous  influences,  can  come  into  consideration,  namely,  fright,  anxiety, 
'  Jour,  of  Amer.  Med.  Aksoc,  July  24,  1897. 
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and  severe  psychic  shocks.  Excesses  in  baccho  et  venere  can  also  produce 
such  marked  changes  in  the  distribution  of  the  blood  as  to  give  rise  to 
the  thought  of  a  true  anemia  ("  vascular  anemia,"  Quincke).  An 
accurate  examination,  especially  of  the  heart's  action  which  is  undis- 
turbed, of  the  pulse  which  is  of  proper  size  and  tension,  and,  above 
all,  the  transitiveness  of  the  symptoms,  indicate  the  correct  diagnosis. 
A  morphologic  examination  of  the  blood  in  such  cases  would  be  of 
little  value,  because  the  histologic  changes  peculiar  to  acute  anemia  are 
found,  at  the  earliest,  twenty-four  hours  after  the  hemorrhage.  Still, 
the  determination  of  the  number  of  corpuscles  and  the  percentage  hemo- 
globin would  be  occasionally  of  service. 

PROGNOSIS. 

The  termination  of  an  acute  post-hemorrhagic  anemia  in  a  pre- 
viously healthy,  robust  individual  is  almost  always  in  complete  restora- 
tion ;  in  fact,  sometimes,  as  after  acute  infectious  diseases,  the  person 
appears  more  robust  and  healthy  than  before  the  hemorrhage. 

As  far  as  the  possibility  of  recovery  is  concerned,  we  must  look 
first  to  the  cause  which  produced  the  hemorrhage  and  the  complications 
aii-ing  with  it.  If  the  anemia  is  the  result  of  a  trauma  which  in  itself 
j)uts  no  difficulties  in  the  way  of  recovery,  restoration  to  normal  is 
very  likely.  Every  complication,  whether  present  in  the  cause  that 
produced  the  hemorrhage  or  appearing  later,  retards  the  course  of  repa- 
ration or  may  prevent  it  entirely. 

How  great  a  loss  of  blood  is  consonant  with  anticipated  restoration 
is  a  question  of  considerable  practical  import,  and  one  on  which  great 
attention  has  been  bestowed  by  many  investigators,  especially  surgeons, 
in  connection  with  hemorrhages  in  operations.  Statistics  are  naturally 
incapable  of  giving  exact  ideas  on  this  point.  Moreover,  the  results  of 
animal  experimentation  are  not  conclusive  in  connection  with  human 
conditions,  for,  among  the  diiferent  animals,  there  is  a  marked  difference 
in  susceptibility  to  hemorrhage.  The  best  criterion,  even  though  it  is 
very  unsatisfactory,  by  which  the  different  cases  may  be  compared  with 
one  another,  is  not  the  amount  of  blood  lost,  but  the  numl)er  of  red 
blood-corpuscles  per  c.mm.  remaining.  In  general,  we  may  assume  that 
a  healthy  man  can  lose  rapidly  one-half  his  blood  and  more  and  still 
be  capable  of  recovery.  The  decrease  in  the  number  of  red  blood- 
corpuscles  can  be  even  greater,  for,  as  mentioned  in  another  place, 
Hayem  reports  a  case  in  which  the  number  of  red  blood-corpuscles 
sank  quickly  to  11  ]K'r  cent,  of  the  nornial  and  yet  recovery  followed. 

According  to  the  size  of  the  hemorrhage,  the  duration  demanded  by 
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the  regeneration  of  the  blood  varies.  How  long  a  time  will  be  con- 
sumed before  the  hemoglobin  and  the  number  of  blood-corpuscles  again 
become  normal  is  primarily  dependent  on  the  amount  of  blood  lo.st. 
Still,  individual  differences  and  the  condition  of  the  patient  before  the 
hemorrhage  play  a  decided  role.  Individuals  in  the  prime  of  life  and  in 
complete  health  replace  losses  of  blood  amounting  to  from  one-third  to 
one-half  of  the  entire  quantity  in  a  few  weeks,  while  feeble,  sickly  indi- 
viduals or  old  people  require  as  many  months.  Buntzen  states  actual 
figures  on  this  point :  In  one  case  in  which  the  diminution  of  red  blood- 
corpuscles  amounted  to  23  per  cent.,  the  regeneration  took  eight  days ; 
with  a  diminution  of  29  per  cent.,  in  one  case  ten,  in  another  thirteen 
days ;  and  in  one  case,  with  39  per  cent,  loss,  thirty-four  days. 

Bierfreund  has  constructed  the  following  table  to  indicate  the  rapidity 
of  regeneration  after  hemorrhage  : 


Loss  of  blood  in 

Male. 

Female. 

Age  (years). 

hemoglobin. 

1-10 

10-20 

20-30 

30-40 

40-50 

50-60 

60 

10-15  per  cent. 
16-20 
21-25 
26 

12.7  days 
17.9     " 
20.3     " 
27.0     " 

17.1  days 
23.5     " 
23.5     " 
31.3     " 

20.0 
21.0 
22.5 

13.2 
19.0 
21.3 

10.8 

12.5 
17.6 

10.4 
16.2 

16 
21 
19 

17.0 

22.7 
28.0 

23.8 
27.0 

In  this  regard  there  seems  to  be  no  difference  between  the  sexes  ;  at 
least  the  observation  found  in  many  text-books  that  females  show  a 
greater  tolerance  to  severe  losses  of  blood  is  not  substantiated ;  in  fact, 
from  Bierfreund's  statistics,  the  opposite  seems  true. 

According  to  Schiff,  the  newborn  require  an  exceedingly  long  time 
for  the  restoration  of  hemoglobin  and  blood-corpuscles.  Several  diseases, 
particularly  tuberculosis  and  malignant  tumors,  according  to  Bierfreund, 
retard  regeneration ;  while,  strange  to  say,  tertiary  syphilis  and  benign 
tumors  have  absolutely  no  influence. 

In  regard  to  certain  therapeutic  measures,  one  should  not  forget 
Bierfreund's  observation,  that  the  restitution  of  the  blood  occurs  no 
more  rapidly  (though  likewise  no  more  slowly)  when  the  hemorrhage 
is  subcutaneous  or  into  the  tissues  than  when  it  is  external.  If  the 
effusion  of  blood  is  unfavorably  localized,  for  instance,  in  the  peri- 
toneal cavity,  retardation,  rather  than  acceleration  of  recovery,  is  to  be 
anticipated. 

Many  clinical  and  experimental  observations  shoAV  that  after  a 
hemorrhage  that  is  not  extremely  severe  regeneration  may  result  in  a 
a  greater  number  of  corpuscles  than  were  present  previous  to  the 
hemorrhage. 

Though  the  prognosis  of  acute  anemia  is  as  a  rule  very  favorable, 
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uncomplicated  cases  are  sometimes  observed  in  which  a  complete  restora- 
tion fails  to  take  place  and  a  chronic  anemia  results.  These  are  cases 
in  which  the  hemorrhage  was  extreme  and  aifected  the  blood-making 
organs  so  severely  that  they  were  unable  to  regain  their  full  functional 
power.  In  the  (•ha})ter  on  Progressive  Pernicious  Anemia,  cases  will 
be  reported  in  which  the  origin  of  this  disease  can  be  attributed  with 
great  jjrobability  to  severe  acute  hemorrhages. 

The  course  and  the  termination  of  complications  affecting  individual 
organs  are  often  entirely  independent  of  the  course  of  the  anemia ;  this 
may  disappear,  that  persist,  and  rice  versa  (compare  what  is  said  in  the 
special  sections). 

TREATMENT. 

Arrest  of  Hemorrhage. — The  methods  of  arresting  hemor- 
rhages are  chiefly  treated  in  the  text-books  on  surgery  and  obstetrics. 
Moreover,  depending  on  the  cause,  such  different  methods  are  employed 
in  case  of  hemorrhage  from  internal  disease  that  the  writers  must  leave 
their  discussion  to  the  special  sections  on  internal  medicine,  such  as 
those  on  phthisis  pulmoniim,  ulcus  ventriculi,  and  typhoid  fever,  and 
be  contented  here  with  the  general  treatment  of  internal  hemorrhage. 

The  first  requirement  for  the  checking  of  hemorrhage  is  absolute 
rest.  In  many  cases  the  patient  is  quiet  involuntarily  on  account  of 
the  weakness  which  comes  on  so  rapidly  ;  still  not  infrequently  rest 
must  be  forced  even  by  the  aid  of  narcotics — opium,  morphin,  codein — 
especially  when  an  intense  cough,  violent  pain,  psychic  excitement  or 
hallucinations  (see  above),  which  really  call  forth  a  renewal  of  the 
hemorrhage,  demand  it. 

Among  the  remedies  producing  arrest  of  hemorrhage  on  internal  or 
subcutaneous  administration  may  be  mentioned  especially  liquor  ferri 
sesquichlorati,  lead  acetate,  secale  cornutum,  ergotin,  stypticin,  and 
hydrastis  canadensis.  According  to  the  personal  experience  of  indi- 
viduals the  opinions  as  to  the  value  of  these  remedies  differ  widely, 
and  authorities  are  not  wanting  who  consider  that  an  arrest  of  hemor- 
rhage by  medicaments  is  inifwssible.  Nevertheless,  the  writer  must 
say  that  he  has  frequently  seen  a  favorable  influence  exercised,  espe- 
cially in  hemotysis,  by  secale  cornutum  and  ergotin. 

[An  important  addition  to  our  means  of  controlling  hemorrhage  by 
local  application  has  recently  been  made  to  the  pharmacopeia  in  the 
various  preparations  of  suprarenal  gland.  Of  these,  the  purified 
jiroduct  adrenalin  and  its  solutions  are  the  most  important.  The  direct 
ajq)]ic;ition  of  a  solution  of  adrenalin  chlorid  (1  :  10,000  to  1  :  5000) 
acts  as  a  powerful   hemostatic,  and  is  applical)le  in  the  treatment  of 
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hemorrhages  from  external  surfaces  or  mucous  membranes  that  can  be 
reached  from  the  exterior. 

Even  in  parenchymatous  and  internal  hemorrhages,  howev^er,  ad- 
renalin and  similar  products  of  suprarenal  gland  have  been  used,  not  only 
for  their  vasoconstrictive  effect,  but  also  because  they  are  supposed  to 
have  some  influence  in  increasing  the  rapidity  of  coagulation  of  the 
blood.— Ed.] 

Lately  gelatin  has  been  frequently  recommended  as  a  styptic, 
Poljakow  reports  good  results  from  its  employment  by  stomach  or 
rectum,  in  10  per  cent,  watery  solution  (200  c.c.  three  times  daily),  in 
cases  of  hemorrhage  from  the  digestive  tract.  For  subcutaneous  in- 
jection, Davezac  employs,  and  he  claims  with  good  results  in  the 
hemoptysis  of  phthisis,  a  solution  of  2.5  gelatin  in  100  physiologic  salt 
solution,  5  to  10  c.c.  being  injected  at  a  time.  Curschraann  injected 
subcutaneously  several  days  in  succession  200  c.c.  of  a  sterilized  gelatin 
solution,  and  claims  that  in  13  of  the  14  cases  observed  of  severe 
stomach,  intestinal,  and  pulmonary  hemorrhage,  the  hemorrhage  rapidly 
ceased. 

[The  editor's  experience  with  gelatin  as  a  hemostatic  has  been 
confined  to  the  treatment  of  hemorrhage  in  typhoid  fever  and  of 
hemoptysis  in  pulmonary  tuberculosis,  in  both  of  which  he  has  used 
this  treatment  extensively.  The  conclusion  reached  after  this  experi- 
menting has  been  that  there  was  probably  a  moderate  influence  for  good 
in  this  treatment,  though  the  results  were  not  so  certain  as  might  be 
desired. 

In  treating  hemorrhage  in  typhoid  fever  gelatin  was  administered 
by  the  mouth  as  well  as  hypodermically,  in  order  that  the  undigested 
gelatin  might  be  carried  along  the  intestinal  tract  to  the  seat  of  hemor- 
rhage. Local  applications  of  gelatin  have  been  repeatedly  used  for  the 
purpose  of  checking  hemorrhage,  and  the  employment  of  weak  gelatin 
preparations  by  the  mouth  might  therefore  be  advantageous  in  typhoid 
fever. — Ed.] 

The  administration  of  common  salt,  Glauber's  salt,  and  the  like, 
which  have  been  frequently  employed  in  hemoptysis,  though  with  not 
very  assured  results,  is  based  on  the  experimental  fact  that  the  diffu- 
sion of  large  amounts  of  fluid  into  the  intestinal  canal  produces  a 
decided  thickening  of  the  blood  (Grawitz). 

It  is  likewise  recommended  in  cases  of  persistent  hemoptysis  to 
ignore  the  thirst  as  long  as  possible.  In  cases  where  all  medicaments 
failed,  tlie  writer  has  been  more  than  once  impressed  with  tlie  favorable 
influence  of  this   procedure.     Whether  remedies  which,  according    to 
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Wright  and  others  (calcium  chlorid),  increase  the  coagulability  are  of 
therapeutic  value  is  difficult  to  prove,  since,  according  to  Freund,  the 
hemorrhage  itself  is  such  a  potent  factor  in  the  same  regard.  Yet  if, 
as  in  the  hemorrhagic  diathesis,  the  diminution  of  the  coagulability  of 
the  blood  belongs  to  the  nature  of  the  disease,  these  remedies  are  of 
undoubted  value  in  the  checking  of  the  hemorrhage. 

[The  investigations  of  E.  A.  Wright  have  showed  the  therapeutic 
value  of  calcium  chlorid  as  a  hemostatic,  and  this  drug  has  been  largely 
used  in  the  treatment  of  various  hemorrhagic  diseases,  and  has  even 
been  administered  by  surgeons  as  a  preparative  treatment  in  conditions 
in  which  secondary  hemorrhage  is  generally  feared,  such,  for  example, 
as  in  ])ersons  deeply  jaundiced.  Wright's  experiments  made  with  his 
coagulometer  showed  a  decided  decrease  of  the  coagulation-time  alter 
the  administration  of  calcium  chlorid.  This  was  true  of  healthy  persons 
as  well  as  of  cases  of  hemorrhagic  disease,  such  as  hemophilia,  purpura, 
etc.  The  effect  of  calcium  thus  administered  seems  to  be  temporary, 
and  a  continued  use  is  not  advisable. — Ed.] 

A  final  styptic  which  fulfils  other  important  indications  at  the  same 
time  (see  below)  is  the  transfusion  of  blood  or  salt  solution  into  the 
circulation.  Cases  have  been  observed  in  which  this  procedure  was 
immediately  followed  by  a  cessation  of  the  hemorrhage  (F.  A.  Hoffmann). 
This  apparently  paradoxic  fact  is  explained  by  assuming  that  the  con- 
tinuation of  the  hemorrhage  is  due  to  the  atony  of  the  vessels,  which  is 
ra])idlv  removed  by  the  sudden  refilling  of  the  circulation. 

General  Treatment  of  Acute  Anemia. — After  the  first  and 
most  important  essential  in  the  treatment  of  a  hemorrhage,  namely,  its 
control,  has  been  accomplished,  it  is  necessary  to  combat  its  immediate 
sequels.  The  greatest  requirement  is  complete  physic  and  psychic 
rest,  and  this  should  not  be  disturbed  by  therapeutic  or  diagnostic  pro- 
cedures which  are  not  absolutely  necessary.  By  lowering  the  head, 
warm  covering,  and  cautious  slaking  of  the  burning  thirst  bv  hot  or 
warm  stimulating  drinks,  such  as  coffee,  tea,  or  even  small  doses  of 
alcoholic  beverages,  like  sherry  and  cognac,  the  activity  of  the  heart  is 
stimulated  and  the  tormenting  sensation  of  general  weakness  somewhat 
lessened.  If  fainting  occurs,  or  if  the  pulse  becomes  excessively  fre- 
quent, small,  or  weak,  stronger  stimulants,  like  injections  of  ether  and 
camphor,  are  indispensable.  The  objection  has  been  raised  against 
these  remedies,  which  act  so  rapidly  and  intensely  on  the  heart,  that 
thev  mav  l)e  the  cause  of  renewal  of  the  hemorrhage  which  has  just 
ceased.  Although  such  accidents  have  been  observed,  these  remedies 
are  indispensable  in  the  treatment  of   threatening  or  actual   collapse, 
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yet  they  are  naturally  to  be  employed  only  in  the  most  absolutely 
threatening  conditions. 

A  supply  of  heat  must  be  carefully  provided  for  by  administration 
of  hot  drinks  and  the  warm  pack  ;  in  the  later  stages  of  convalescence 
the  patients  become  cold  very  easily  and  demand  these  themselves. 

Autotransfusion ;  Transfusion  ;  Infusion. — Since  the  most 
serious  result  of  u  severe  hemorrhage  is  the  anemia  of  the  vital  organs, 
especially  the  brain  and  heart,  it  is  obvious  that  the  blood  should  be 
forced  from  the  extremities,  where  it  can  readily  be  dispensed  with,  by 
firm  bandaging  and  posture,  into  the  trunk  and  head  vessels  [auto- 
transfusion). Still,  if  there  is  immediate  danger,  as  shown  by  an 
impalpable  or  scarcely  palpable  radial  pulse  and  irregular,  slow,  super- 
ficial respiration,  there  should  be  no  hesitation  in  taking  more  active 
measures  :  either  transfusion — /.  e.,  injection  of  blood  from  another 
individual ;  or  infusion — /.  e.,  injection  of  physiologic  salt  solution  or 
other  fluid  substitute  (see  below). 

The  immediate  danger  to  life  after  severe  hemorrhage  is  due  (1)  to 
the  defective  oxygen-supply  in  the  organs,  especially  tlie  brain  and  the 
medulla  oblongata ;  (2)  to  an  incomplete  filling  of  the  vascular  system, 
which  is  compensated  for  neither  by  resorption  of  fluid  from  the  tissues 
nor  by  a  higher  tension  of  the  vessels,  and  finally  leads  to  cessation  of 
cardiac  activity  even  when  this  is  not  paralyzed  by  the  anemia  of  the 
malulla  oblongata.  Transfusion  and  infusion  are  employed  for  both 
these  conditions. 

The  injection  of  fresh  blood  meets  both  the  conditions  best.  The 
injection  of  salt  solution  readily  fulfils  the  second,  and  perhaps  parti v 
aids  in  making  up  for  the  deficiency  in  oxygen  by  favoring  the  transport 
of  actively  functionating  blood  elements  stored  in  the  blood-making 
organs  into  the  vessels. 

A  whole  series  of  methods  for  the  transfusion  of  blood  have  been 
proposed  and  rejected.  The  employment  of  animal  blood  was  entirely 
given  up  when  it  was  found  that  the  serum  of  one  species  of  animal 
had  the  faculty  of  breaking  up  the  blood-corpuscles  of  another.  The 
introduction  of  the  blood  of  a  healthy  man  may  be  accomplished  intra- 
venously or  subcutaneously.  The  subcutaneous  injection  of  defibrinated 
blood  is  much  more  simple,  and  is  not  associated  with  the  dangers  of 
intravenous  injection,  though  its  effect  is  not  so  rapid,  and  only  a  portion 
(still,  according  to  Quincke,  the  greatest  portion)  of  the  blood  ]>asses 
over  into  the  circulation  so  as  to  be  functionally  active,  the  rest  remain- 
ing at  the  site  of  injection  to  undergo  destruction. 

In  opposition  to  Quincke,  the  writer  considers  it  doubtful  that  any 
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considerable  part  of  the  subcutaneously  injected  blood  becomes  func- 
tionally active.  Moreover,  Bierfreuud's  observations  would  support 
this,  in  that  they  show  that  the  regeneration  of  the  blood  proceeds  no 
more  rapitUy  after  a  subcutaneous  than  after  an  external  hemorrhage. 

Against  the  extensive  employment  of  subcutaneous  transfusion  is 
the  circumstance  that  it  is  extremely  painful,  so  that,  according  to 
Ziemssen,  chloroform  narcosis  is  absolutely  necessary  ;  and  thus,  in  the 
majority  of  cases,  would  demand  the  most  serious  consideration. 

Intravenous  transfusion  of  blood  is  either  direct  or  indirect.  The 
former  is  made  immediately  from  a  vessel  of  the  person  giving  the 
blood,  best  from  an  artery,  into  a  vein  of  the  recipient.  The  conduction 
is  accomplished  by  glass  cannulas  tied  in  the  blood-vessels,  and  joined 
by  rubber  tubing.  Sometimes  in  this  simple  apparatus  a  small  arrange- 
ment is  introduced  by  which  the  amount  of  blood  can  bo  measured.  A 
more  accurate  description  is  not  required,  since  the  danger  of  clotting, 
which  can  never  be  absolutely  avoided  (see  below),  strictly  forbids  its 
employment  in  man.  Similar  considerations  have  prevented  the  common 
practice  of  Ziemssen's  method  of  intravenous  transfusion  of  blood, 
though  Ziemssen  experienced  no  dangerous  symptom  in  his  own  cases. 

Ziemssen's  procedure  is  as  follows  :  A  cannula  with  a  rubber  joint  is 
placed  iu  a  vein  of  the  person  giving  the  blood  and  also  into  a  vein  of  the 
recipient.  By  means  of  a  syringe  containing  25  c.c.  the  blood  is  transferred 
from  one  to  the  other.  A  second  syringe  iu  the  hands  of  an  assistant 
expedites  the  matter.  Between  the  injections  the  syringe  must  be  thoroughly 
cleansed  with  warm,  sterile  physiologic  salt  solution. 

The  great  majority  of  transfusions  are  made  indirectly — i.  e.,  the 
fresh  blood  is  injected  only  after  complete  defibrination.  The  transfer- 
rence  of  clotted  particles  into  the  vein,  which  is  unavoidable  by  the 
methods  described,  may  produce  direct  occlusion  of  pulmonary  arteries  or 
their  branches,  or  be  the  cause  of  new  clotting  within  the  blood-vessel. 
This  danger  is  combated  by  injecting  blood  previously  defibrinated 
whereby  the  functional  activity  of  the  red  blood-corpuscles  is  not 
influenced.  Yet  even  this  method  is  not  entirely  free  from  danger, 
since  severe  symptoms  of  intoxication  have  followed  its  employment. 
According  to  Schonborn,  these  disturbances,  which  are  attributable  to 
the  free  fibrin  ferment,  may  be  avoided  if  moderate  quantities  (150  to 
200  gm.)  are  transfused  slowly. 

The  indirect  intravenous  transfusion  of  blood  is  accomplished  as  follows : 
The  venesected  blood  (about  300  to  400  c.c.)  is  caught  in  a  glass  vessel, 
held  in  a  water-hath  at  about  40°  C.  The  blood  is  at  once  defibrinated 
by  whipping  with  a  glass  rod  or  a  stick  till  no  more  fibrillar  material  is 


ACUTE  POST-HEMORRHAGIC  ANEMIA.  177 

formed.  In  order  to  free  the  fluid  entirely  from  clots,  it  is  strained  through 
a  linen  cloth  directly  into  the  funnel  of  the  infusion  apparatus.  This  con- 
sists of  a  large  metal  cannula  with  an  olive-shaped  head  over  which  a  tube 
is  readily  fastened,  and  the  other  end  of  this  tube  is  drawn  over  the  mouth 
of  a  small  glass  funnel.  As  in  ordinary  venesection,  an  arm  vein  is  now 
constricted  and  the  point  of  the  cannula  pushed  directly  into  the  vessel. 
The  injection  is  made  slowly  ;  elevation  and  lowering  of  the  funnel  readily 
allow  changes  of  pressure.  It  is  obvious  that  the  whole  opei-ation,  even  to 
its  smallest  details,  demands  the  most  painstaking  asepsis. 

Attempts  to  make  the  transfusion  of  fresh  undefibrinated  blood 
feasible  by  means  of  certain  substances,  such  as  the  extract  of  leeches, 
which  would  render  the  blood  incoagulable,  have,  as  far  as  the  writer 
knows,  never  been  carried  out  on  man. 

In  discussing  the  eifect  of  blood  transfusion,  a  separation  into  the 
momentary  and  lasting  effect  must  be  made.  The  former  is  often  sur- 
prising. The  pulse  rapidly  becomes  full  and  strong,  the  respiration 
regular,  and  even  the  subjective  improvement  is  marked.  In  brief,  the 
collapse  rapidly  disappears.  As  is  evident  from  corresponding  observa- 
tions with  salt  infusion,  this  result  is  due  entirely  to  the  introduction 
of  fluid,  and  is,  therefore,  transitory,  lasting  often  only  a  few  hours. 
We  can  not  readily  decide  whether  the  addition  of  foreign  blood  actually 
signifies  anything  toward  an  increase  in  functional  capability.  True, 
we  know  that  the  newly  introduced  red  blood-corpuscles  remain  viable 
for  some  time,  though  many  of  them  succumb  subsequently,  and  even 
the  primary  increase  in  the  percentage  of  hemoglobin  soon  falls.  The 
"  siderosis "  of  the  internal  organs,  especially  of  the  liver,  found  by 
Quincke  after  transfusion,  points  sufficiently  clearly  to  the  fate  of  the 
injected  blood.  The  increase  in  hemoglobin  and  red  blood-corpuscles, 
moreover,  does  not  stand  in  a  direct  relation  to  the  quantity  of  injected 
blood  (Ziemssen),  but  remains  considerably  below  it. 

The  many  dangers  of  blood  transfusion  and  the  difficulty  of  finding 
a  suitable  person  from  whom  to  take  the  blood  in  the  moment  of 
danger,  have  resulted  in  its  replacement  by  infusions  of  pJu/sioIor/ic  salt 
solution,  especially  since  its  absolute  harmlessness,  first  demonstrated  by 
Ponfick,  has  been  continually  confirmed. 

The  infusion  of  salt  solution  is  made  by  one  of  the  simple  apparatuses 
described  for  the  intravenous  transfusion  of  blood.  The  solution  should  be 
injected  at  about  the  temperature  of  the  body.  In  the  containing  vessel, 
therefore,  it  should  be  5  to  10  degrees  F".  higher,  since  it  undergoes  con- 
siderable cooling  in  the  funnel,  the  tube,  and  the  cannula.  The  amount 
injected  should  be  about  1  liter. 

The  subcutaneous  injection  of  salt  solution  possesses  no  particular 
advantage  over  the  intravenous,  and,  besides  being  very  painful,  does 
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not  allow  such  a  rapid  introduction  of  large  quantities.  The  infra- 
clavicular regions  are  the  most  satisfactory  sites  for  the  injection. 

A  third  method  of  administration  of  physiologic  salt  solution  is 
per  rectum.  Warmann  reports  that  1  to  2  liters  of  the  solution  are 
completely  absorbed  within  4J  minutes,  and  that  the  results  of  this 
uncommonly  easy  method,  which  may  be  carried  out  at  once  without 
preparation,  are  not  inferior  to  those  of  the  infusion  and  subcutaneous 
injection,     v.  Mering  likewise  recommends  this  method  most  highly. 

The  experimeutal  and  clinical  literature  on  this  subject  is  extremely 
rich,  and  this  is  the  best  proof  of  the  importance  of  the  question.  The 
older  literature  is  found  collected  in  Heineke  and  L.  Lesser,  the  new  in 
Feis  and  Schouborn.  In  spite  of  the  great  number  of  experiments, 
however,  the  question  is  still  actively  disputed.  Investigators  like 
Maydl,  Feis,  and  others,  refuse  to  recognize  the  glowing  reports 
of  clinicians  as  a  proof  of  the  value  of  the  method.  In  their  experi- 
ments on  animals  they  were  unable  to  find  any  degree  of  anemia  in 
which  it  made  any  difference  in  the  eventual  termination  whether  an 
infusion  of  salt  solution  was  employed  or  not  ;  in  fact,  whether  the 
animal  in  question  lived  or  died  depended  entirely  on  the  size  of  the 
hemorrhage  and  the  individual  resisting  power.  Although  Feis  was 
able  to  demonstrate  graphically  the  very  favorable  influence  which  the 
injection  of  salt  solution  momemtarily  exercised  on  the  circulation  and 
the  respiration,  since  both,  at  least  for  a  time,  could  be  brought  back 
to  normal,  yet  this  improvement  was  transitory,  lasting  only  several 
minutes  to  several  hours,  and  eventually  the  animals  injected  were  in 
no  wav  better  off  than  the  ones  which  had  lost  a  similar  amount  of 
blood  and  had  not  been  treated  with  the  infusion. 

Still,  such  a  number  of  glowing  results,  especially  in  surgical  and 
obstetric  cases,  can  be  contrasted  with  these  experiments  that  the 
infusion  of  salt  solution  has  come  to  possess  an  incomparably  greater 
practical  significance  than  transfusion  of  blood.  Since  it  is  without 
danger,  it  is  possible  that  it  has  often  been  em]>loyed  without  strict 
indication,  and  that  some  happy  results  are  unjustifiably  attributed 
to  it.  Nevertheless,  any  one  who  has  seen  the  transformation  that 
infusion  may  cause  in  a  patient  whose  pulse  is  scarcely  or  not  at  all 
palpable,  whose  respiration  has  almost  ceased,  and  whose  reflexes  are 
abolished,  is  always  ready,  in  spite  of  all  experiments,  to  make  the 
attempt  again  in  a  threatening  case.  Moreover,  as  demonstrated  by 
Schouborn,  cases  occur  in  which  the  result  of  the  infusion,  at  first 
transitory  and  replaced  after  a  short  interv'al  l)y  the  old  threatening 
condition,  is  permanent  only  after  repeated  injections. 
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[A.  E.  Taylor  and  C.  H.  Frazier  ^  have  studied  the  effects  on  the 
blood  plasma  of  the  saline  transfusions  following  homorrhage.  Their 
experiments  were  mainly  directed  to  the  determination  of  the  amount  of 
proteid  and  sugar  in  the  plasma  before  and  after  transfusion.  They 
found  a  rapid  restitution  of  these  important  nutritive  substances,  and 
conclude  that  the  flow  of  the  lymph  in  the  thoracic  duct  is  too  sluggish 
to  account  for  the  restoration,  and  that  transfusion  through  the  vessel 
walls  could  not  occur  to  a  sufficient  extent  to  account  for  it,  since  the 
injection  solutions  were  accurately  isotonic.  Hence,  by  inference  they 
conclude  that  the  proteid  and  sugar  must  have  been  derived  from  the 
tissues  (liver,  muscles,  etc)  by  direct  lavage.  The  practical  importance 
of  these  experiments  is  that  they  show  the  manner  in  which  such  trans- 
fusions may  aid  nutrition  at  critical  times,  not  alone  by  restoring  intra- 
vascular tension,  but  especially  by  the  direct  introduction  into  the 
circulation  of  nutritive  materials. — Ed.] 

The  attempt  has  recently  been  made  to  substitute  for  the  solution 
improperly  called  "physiologic"  salt  solution,  other  fluids  of  varied 
composition.  For  instance,  Schucking  employed  a  solution  containing 
8  per  cent,  sodium  chlorid  and  0.33  per  cent,  sodium  saccharate,  and 
obtained  from  subcutaneous  and  intravenous  injection  magnificent  re- 
sults in  several  cases  of  severe  acute  anemia. 

From  the  preceding  the  following  may  be  taken  as  a  summary  : 

(a)  The  indication  for  transfusion  or  infusion  arises  on  the  occurrence 
either  of  a  hemorrhage  which  can  not  be  checked  by  any  other  means  or 
of  a  collapse-like  condition  following  a  severe  hemorrhage  in  which  the 
radial  pulse  is  thready  or  im])alpable,  the  respiration  superficial  and 
irregular,  and  the  reflex  irritability  very  much  diminished  or  abolished. 

(6)  If  the  danger  is  so  great  that  any  delay  may  be  fatal,  we  make  a 
subcutaneous  or  intravenous  or  rectal  injection  of  physiologic  salt  solu- 
tion or  sodium  saccharate  solution,  and  repeat  it  several  times  in  case 
of  a  renewal  of  the  collapse. 

(c)  If  there  is  sufficient  time,  if  eveiything  is  ready  at  hand,  and  a 
healthy  man  from  whom  to  take  the  l)lood  presents  himself,  the  intra- 
venous transfusion  of  defibrinated  blood  is  to  be  done. 

Dietetic  Treatment. — If  the  patient  has  passed  the  danger  of 
succumbing  to  the  immediate  effects  of  the  hemorrhage,  the  therapy 
should  be  directed  to  promoting  the  efforts  of  the  organism  in  the 
regeneration  of  the  blood,  and  especially  to  the  prevention  of  every 
circumstance  that  would  disturb  this  process. 

From  what  has   been  said  as    to  the  functional  weakness  of  all  the 
'  Contributions  of  the  William  Pepper  Laboratory  of  Clinical  Medicine,  1900. 
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organs  in  a  severe  acute  anemia,  it  is  obvious  that  every  bodily  effort 
should,  as  far  as  possible,  be  avoided.  The  importance  of  mental  rest 
has  been  several  times  insisted  on,  and  it  must  be  reckoned  on  in  the 
choice  of  a  suitable  sick-room,  nurse,  etc. 

On  account  of  the  cardiac  changes  it  follows  that  all  muscular 
activity  which  might  produce  an  immediate  rise  in  the  frequency  of  the 
j)ulse,  or  even  mild  dyspnea,  must  be  avoided.  Therefore,  not  only  on 
account  of  a  possible  recurrence  of  the  hemorrhage,  but  also  on  account 
of  the  danger  of  cardiac  collapse,  a  physic  examination,  which  would 
necessitate  an  upright  or  strained  position  on  the  part  of  the  patient, 
should  be  entirely  omitted  or  extremely  limited. 

S])ecial  attention  must  be  paid  to  the  time  when  the  demand  for 
absolute  rest  ceases  and  gives  way  to  a  feeling  of  renewed  strength 
which  does  not  correspond  to  the  actual  power,  and  may  be  the  cause 
of  dangerous  accidents.  From  the  first  time  the  patient  sits  up  till  he 
leaves  the  bed  and  takes  his  first  walk,  the  physician  must  see  that  no 
demands  are  made  on  the  muscular  power  to  which  the  heart  responds 
abnormally. 

The  question  of  nutrition  usually  presents  no  difficulties  unless  the  site 
of  the  hemorrhage  (gastro-intestinal  hemorrhage)  demands  special  regula- 
tions. The  tormenting  thirst  present  immediately  after  the  hemorrhage 
lasts  at  most  one  or  two  days,  and  is  quieted  by  frequent  small  quanti- 
ties of  cool  drinks  or  pellets  of  ice.  The  administration  of  large 
quantities  of  fluid  after  an  internal  hemorrhage  must  be  avoided  for  fear 
of  a  recurrence  or  at  least  of  a  too  sudden  overloading  of  the  circulation. 
In  the  beginning,  the  thirst  should  be  taken  advantage  of  to  introduce 
nourishment,  especially  cool  milk.  The  premature  employment  of  con- 
centrated alcoholic  drinks,  strong  tea  or  coffee,  must  be  warned  against. 
Even  with  bouillon,  which  holds  such  a  high  place  in  dietetics,  the 
writer  has  observed  unfavorable  excitement  of  the  heart,  annoying  even 
to  tlie  patient  himself  when  administered  in  concentrated  form  or  at  too 
short  intervals.  Tiie  voraciousness  which  comes  on  after  a  few  days  is 
naturally  not  to  be  yielded  to,  and  the  amount  and  kind  of  food  must 
be  limited.  The  frequent  administration  of  small  quantities  is  to  be 
preferred  to  less  frequent  larger  meals.  The  transition  from  liquid  diet 
to  ordinary  food  is  accomplished  gradually.  At  first  we  add  to  the 
milk,  rice,  grits,  and  mondamin,  then  lightly  baked  articles  like  roasted 
zwieback  and  biscuits  ;  eggs  boiled  soft  or  hard  and  finely  divided  ; 
later,  fat  in  the  form  of  butter  or  with  vegetables  like  asparagus,  spinach, 
and  cauliflower.  Of  meats  we  may  give  first  ham,  white  meat,  and 
game,  though  at  the  beginning  cut  up  small  in  soup. 
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Massage  plays  but  a  very  slight  role  in  treatment,  and  should  be 
avoided  till  the  recovery  of  considerable  strength. 

Remedial  Treatment. — Medicaments  are  generally  indispen- 
sable ;  for  instance,  anorexia  or  dyspepsia  may  be  due  to  a  diminution 
in  the  gastric  juice  (see  above),  and  call  for  the  administration  of 
hydrochloric  acid.  Yet  when  associated  symptoms  like  neuralgia  or 
general  nervous  excitement  necessitate  the  employment  of  suitable  drugs, 
the  susceptibility  of  the  anemic  organism  must  not  be  forgotten,  and 
the  doses  made  correspondingly  small. 

The  role  played  by  the  administration  of  iron  is  not  so  great  in  acute 
anemia  as  in  other  anemic  conditions ;  nevertheless,  since  this  important 
question  is  here  touched  on  for  the  the  first  time,  the  opportunity  is 
taken  of  showing  its  present  position. 

The  statement  is  not  extravagant  that  there  is  a  unanimity  among 
physicians  in  regard  to  scarcely  any  other  question  such  as  that  in 
regard  to  the  eifectiveness  of  irou  in  many  anemic  conditions.  In 
anemia  iron  is,  moreover,  capable  of  producing  its  eifect  when  no  other 
therapeutic  procedures  are  used.  This  is  shown  by  hundreds  of  obser- 
vations made  by  practical  physicians  for  generations,  and  it  has  been 
again  and  again  demonstrated  by  careful  investigation  in  hospitals. 
In  many  of  these  instances  every  effort  was  made  to  remove  all  possible 
sources  of  error ;  for  instance,  the  improvement  was  determined  by 
accurate  estimation  of  the  increase  in  blood-corpuscles  and  hemoglobin  ; 
further  by  comparisons  of  the  results  in  patients  treated  with  iron  and 
in  those  treated  by  other  methods;  and  patients  were  even  treated  f(»r 
a  time  without  iron,  and  it  was  shown  that  the  rapid  im])rovement  first 
set  in  with  its  administration  (v.  Ziemsseu,  Graeber,  Hale  White, 
Stockman,  XXII.  Congress  of  Internal  Medicine,  Nothnagel). 

Extensively  as  iron  therapy  has  been  practised  by  physicians,  physi- 
ologic and  pharmacologic  investigations  have  brought  forward  but 
few  facts  indicating  its  manner  of  action.  The  numerous  investigations 
of  the  last  ten  years  were  stimulated  by  Bunge,  who  disputed  every 
effect  of  iron,  and  claimed  that  all  the  results  of  clinicians  were  due  to 
suggestion.  It  is  impossible  to  go  into  detail  in  r(>gard  to  the  different 
phases  of  this  investigation,  and  the  writer  therefore  refers  to  the  com- 
plete monograph  devoted  to  this  subject  by  Quincke  in  1895. 

Quincke's  eminently  successful  monumental  treatise,  by  putting  the 
question  on  a  new  basis,  has  determined  the  dh-ection  of  the  work  of 
late  years.  This  period  furnished  the  investigations  of  Macallum, 
Woltering,  Kunkel,  W.  S.  Hall,  Gaule,  ITochhaus  and  Quincke,  and 
Hofmann,  to  which  we  owe  the  positive  proof  of  the  fact  disputed  by 
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Biinge,  that  iron  in  remedial  doses,  in  both  inorganic  and  organic  form, 
is  absorbed  from  the  intestine.  We  know  now  that  in  man  (Hofmann) 
as  well  as  in  experimental  animals — rats,  mice,  rabbits,  guinea-pigs 
— iron  is  absorbed  particularly  from  the  duodenum,  but  also  in  slight 
amounts  from  the  jejunum  and  stomach  (Hari).  We  know  further 
that  the  absorbed  iron  enters  the  circulatiou  by  way  of  the  lymph-tract, 
and  is  rapidly  stored  in  great  part  in  the  spleen  ;  a  smaller  portion 
being  taken  up  by  the  liver-cells  and  the  bone-marrow.  •  These  investi- 
gations, moreover,  agree  in  showing  that  the  iron  is  excreted  especially 
by  the  colon,  in  smaller  amounts  by  the  rectum,  and  in  insignificant 
quantities  by  the  kidneys.  This  slight  elimination  by  the  urine  explains 
whv  the  occurrence  of  absorption  was  denied  for  such  a  long  time. 

Further  than  this  investigation  has  not  advanced,  and  we  can  not 
denv  that  our  knowledge  of  absoi'ption  and  elimination  teaches  us  very 
little  in  regard  to  the  mode  of  assimilation  of  the  iron  and  of  the  elabo- 
ration of  the  hemoglobin.  It  is  not  very  probable  that  the  iron  stored 
in  the  spleen  and  liver  is  directly  employed  in  the  formation  of  hemo- 
globin ;  on  the  contrary,  the  assumption,  first  suggested  by  v,  Noorden, 
seems  much  more  plausible,  namely,  that  the  iron  exercises  a  direct  irri- 
tative action  on  the  function  of  the  blood-making  organs. 

In  later  communications  (see  Hausermann)  Bunge  acknowledges 
the  absorption  of  inorganic  and  organic  iron  preparations  from  the 
intestine,  but  insists,  on  the  ground  of  animal  experimentation,  that  iron 
has  not  a  curative  influence  in  anemic  conditions.  He  contends  that 
onlv  the  iron  contained  in  the  food  is  capable  of  increasing  the  hemo- 
globin of  the  blood.  The  Bunge-Hausermann  experiments  were  done 
particularly  on  animals  made  anemic  by  the  exclusive  administration  of 
nourishment  poor  in  iron  (milk  and  rice).  Having  been  brought  into 
an  anemic  condition,  the  animals  received,  in  addition  to  the  nourishment 
poor  in  iron,  iron  in  medicinal  form,  yet  the  anemia  improved  but 
slightly.  A  mixed  nourishment  with  a  normal  amount  of  iron,  on  the 
contrary,  did  away  with  the  impoverishment  in  hemoglobin  in  a  short 
time.  Bunge  had  the  same  results  in  animals  made  anemic  by  repeated 
venesections. 

These  animal  experiments  can  be  regarded  only  as  a  proof  of 
the  inefficiency  of  iron  in  those  rare  forms  of  anemia  which  have  a 
similar  j)athogenesis.  That  there  are  certain  anemic  conditions  in  which 
iron  is  useless — e.  </.,  progressive  pernicious  anemia — has  been  recognized 
by  clinicians  of  every  age.  Bunge's  experiments,  therefore,  signify  but 
little  in  the  greater  number  of  anemic  conditions,  since,  according  to 
the  majority  of  clinical  observations,  especially  those  on  chlorosis,  they 
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are  inapplicable.  Chlorosis  can  only  exceptionally  be  referred  to  an 
insufficient  amount  of  iron  in  the  nourishment,  nor  can  its  condition  be 
improved  by  selected  food  rich  in  iron,  while  the  administration  of  iron 
in  medicinal  form  quickly  produces  complete  recovery  without  atten- 
tion to  the  nourishment. 

From  these  investigations  the  practical  requirement  is  obvious  that 
the  different  forms  of  anemia  should  be  differentiated  from  one  another 
in  order  that  the  conditions  in  which  iron  therapy  is  useless  and  is  to  be 
replaced  by  proper  diet,  be  separated  from  those  in  which  only  the 
medicinal  administration  of  iron  is  capable  of  producing  a  regeneration 
of  the  hemoglobin  with  or  without  change  in  diet. 

Acute  post-hemorrhagic  anemia  imdoubtedly  belongs  to  those  condi- 
tions in  which  a  mixed  diet,  especially  of  vegetables  rich  in  iron,  eggs, 
and  meat,  quickly  produces  a  regeneration  of  the  blood.  Still,  Eger, 
who  made  special  experiments  on  animals,  claims  that  the  addition  of 
medicinal  iron  to  nourishment  rich  in  iron  hastens  the  improvement. 
It  is,  therefore,  well  since  iron  can  not  do  harm  when  rationally  admin- 
istered unless  an  absolute  idiosyncrasy  exists,  to  hasten  the  cure  by  its 
administration  in  those  cases  of  acute  post-hemorrhagic  anemia  in  which 
the  restitution  of  the  hemoglobin  appears  retarded. 

The  kind  of  preparation  and  the  amount  administered  is  of  the 
greatest  importance  for  the  success  of  the  therapy.  Attention  has 
recently  been  diverted  from  the  innumerable  new  complicated  organic 
preparations  of  iron  continually  being  advocated  to  the  remarkable 
results  obtained  by  the  older  physicians  with  the  inorganic  preparations, 
especially  ferrum  reductum,  ferrum  carbonicum,  etc.  Still  it  must  be 
confessed  that  among  the  new  preparations  there  are  a  number  which,  in 
contrast  to  the  old,  irritate  the  stomach  and  intestine  but  little,  and  are 
agreeable  in  taste.  There  are  no  differences  between  the  two  classes  as 
to  the  mode  and  extent  of  the  eventual  effect,  since  the  majority  of 
"organic"  combinations  of  iron  (albuminates,  peptonates)  are  oxidized 
in  the  intestine,  and  are  then  under  the  same  conditions,  as  far  as 
absorption  is  concerned,  as  the  inorganic  prej^arations.  Only  a  few 
highly  constituted  combinations,  like  hemoglobin  itself,  or  substances 
allied  to  it,  like  ferrafin,  caniiferrin,  and  others,  retain  the  iron  mole- 
cule in  the  intestine  and  seem  to  be  especially  easily  absorbed  (Quincke). 

It  is  impossible  for  a  physician  to  possess  a  personal  knowledge  of 
all  the  numerous  preparations  on  the  market.  It  would  scarcely  be 
justifiable,  therefore,  to  insist  on  those  which  the  writer  has  employed 
with  success.  Still  he  would  like  to  recall  the  fact  that  tlie  old  reme- 
dies of  the  pharmacopeia  (pilula?  Blaudii,  tinctura  Bestucheffi,  etc.)  are 
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undoubtedly  capable  of  exercising  very  favorable  effects.  Modern 
combinations  seem  to  avoid  their  evil  effects,  yet  it  must  be  remem- 
bered that  to  administer  sufficient  iron,  certain  of  them  must  be  given 
in  doses  that  are  just  as  harmful  to  the  stomach  and  intestine,  and  much 
more  expensive. 

As  a  necessary  requirement  even  the  older  clinicians  insisted  that 
the  metal  should  not  be  administered  in  too  small  doses.  At  the  pres- 
ent day  about  0.1  gm.  of  metallic  iron  is  generally  considered  as  the 
proper  daily  dose.  Quincke  and  v.  Noorden  showed  in  a  detailed  table 
what  quantity  of  the  different  organic  and  inorganic  preparations  con- 
tained 0.1  gm.  of  iron.  Among  the  highly  constituted  compounds, 
carniferrin  and  ferratin  occupy  the  first  place,  0.33  gm.  of  the  first, 
1.54  gm.  of  the  second  containing  0.1  gm.  of  iron.  The  same  amount 
is  contained  in  : 

0.10  gm.  of  ferr.  reduct,, 

0.16  "  of  ferr.  sulph., 

2.80  "  of  tct.  ferr.  chlor., 

7.00  "  of  tct.  ferr.  pomata, 

25.00  "  of  liq.  ferr.  albuminat.  (Phar.  Germ.), 

3-4  "  of  pilul.  ferr.  aloet., 

5  "  of  pilul.  Blaudii. 

On  account  of  the  fact  that  the  internal  administration  of  iron  fre- 
quently produces  gastric  disturbances,  in  the  shape  of  pain,  tenderness, 
loss  of  appetite,  and  nausea,  the  attempt  has  been  made  (Glaevecke)  to 
introduce  the  remedy  subeutaneously.  The  ])reparation  employed  was 
ferrum  citricum  oxydatum.  The  injection  was  made  into  the  buttocks 
or  the  thick  musculature  of  the  back,  and  produced  only  a  slight  burning 
pain  and  a  tenderness  at  the  site  of  injection,  lasting  twenty-four  hours. 
According  to  the  reports  of  tlie  author  and  several  other  clinicians,  the 
results  were  at  least  equivalent  to  those  observed  after  administration 
by  the  stomach.  Still  this  method  has  not  become  common,  very  prob- 
ably because  there  are  sufficient  preparations  at  our  disposal  capable  of 
being  administered  without  evil  effects  to  the  most  sensitive  individual. 
Moreover,  according  to  Lewin,  gastric  disturbances  occur  even  on  sub- 
cutaneous administration.  These  undesirable  effects  are  best  avoided 
by  administering  the  iron,  no  matter  what  its  form,  a  short  time  after 
meals,  never  on  an  empty  stomach. 
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With  the  exception  of  chlorosis  and  Biermer's  anemia,  all  chronic 
anemias  are  only  accompanying  symptoms  of  some  other  pathologic  con- 
dition, and  are  considered  therefore  under  the  general  head  of  Symp- 
tomatic Anemias.  This  classification  corresponds  only  partially  with  that 
which  subdivides  certain  anemic  conditions,  the  result  of  diseases  of 
various  organs  or  of  the  general  constitution,  under  the  broad  designa- 
tion secondary  anemias.  For  in  a  certain  sense  acute  post-hemorrhagic 
as  well  as  the  severe  bothriocephalus  anemia,  and  possibly  also  chlorosis, 
should  be  termed  secondary  diseases  ;  though  as  a  matter  of  fact  the 
anemia  in  these  cases  is  so  pronounced  and  shows  such  a  specific  indi- 
viduality that  it  can  no  longer  be  regarded  as  a  symptom  of  the  hemor- 
rhage, of  the  helminthiasis,  etc.,  but  must  be  considered  an  independent 
disease. 

[Floyd  and  Gies  ^  described  a  case  of  severe  simple  anemia  in  a  girl 
of  nineteen.  The  blood  count  showed  750,000  red  blood-corpuscles ; 
3300  white  blood-corpuscles,  12  per  cent,  of  hemoglobin.  After  fifteen 
months  treatment,  the  blood  recovered  normal  characters. 

In  the  same  connection  certain  severe  anemias  in  which  hypoplasia 
of  the  marrow  has  been  discovered  may  be  alluded  to.  Ehrlich  him- 
self first  described  such  a  case  in  a  woman  aged  twenty-one  years,  in 
which  extensive  hemorrhages  into  the  tissues  and  from  the  raucous 
membranes  were  the  dominating  clinical  manifestations.  The  red  cor- 
puscles were  reduced  to  213,300  per  cram.,  but  no  nucleated  red 
corpuscles  could  be  found.  The  leukocytes  numbered  only  200  per 
c.mm.,  of  which  80  per  cent,  were  leukocytes,  6  per  cent,  large  mono- 
nuclears, and  14  per  cent,  polymorphonuclear  neutrophiles.  At  autopsy 
the  marrow  was  found  yellow,  having  therefore  failed  to  respond  to  the 
demand  for  increased  function.  Similar  cases  have  been  observed  by 
others.  In  minor  grades  this  condition  of  aplastic  anemia  is  doubtless 
not  uncommon. 

Robert  Hutchinson,^  in  his  lectures  on  anemia  of  childhood,  refers  to 
a  condition  of  interest  here.  Leaving  out  of  consideration  cases  of  mal- 
nutrition, wasting  diseases,  etc.,  the  author  believes  there  is  a  residuum 
of  cases  in  which  anemia  can  not  be  accounted  for,  and  he  reports 
briefly  the  features  of  4  such  cases.  The  health  of  the  mother  is 
naturally  inquired  into,  but  in  these  and  similar  cases  he  has  not  found 
any  connection  between  these  and  the  anemic  state  of  the  children.  He 
notes  the  fact  that  the  blood-making  function  is  independent  in  mother 

'  New  York  Med.  Rec,  April  27,  1901.  ^  Lancet,  May  7-14,  1904. 
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and  child.  In  2  of  the  cases  reported,  the  mother  had  volunteered  the 
statement  that  the  appearance  of  the  anemia  had  been  preceded  by 
severe  jaundice,  and  the  author  thinks  there  may  have  been  an  unusual 
amount  of  l)lood  destruction  for  which  the  blood-making  organs  could 
not  compensate.  The  prolonged  use  of  iron  in  these  cases  of  congenital 
anemia  does  not  correct  the  condition,  and  he  believes  that  there  is  a 
congenital  deficiency  in  bone-marrow.  He  refers  to  the  case  of  Muir,' 
in  which  such  deficiency  developed  in  a  boy  of  fourteen. — Ed.]. 

In  the  introduction  to  this  part  of  the  book  this  general  statement 
of  the  origin  of  anemia  is  given  :  An  anemia  is  the  result  of  a  dispro- 
portion between  blood  formation  and  blood  consumption.  In  case 
decrease  of  the  first  or  increase  of  the  second  is  responsible,  the  writers, 
with  Immermann,  speak  respectively  of  a  "  hypoplastic "  or  a  "  con- 
sumptive "  anemia.  If  both  factors  act  together,  a  "  complex  "  anemia 
is  spoken  of. 

Apart  from  post-hemorrhagic  anemia,  which  may  be  regarded  as 
the  purest  type  of  the  consumptive  form,  only  complex  anemias  are 
seen  in  practice,  even  though  in  one  case  the  increased  consumption,  in 
another  the  decreased  blood -formation  exercises  the  greatest  influence. 
In  fact,  in  the  majority  of  cases  the  pathologic  processes  are  so  varied 
and  to  a  great  extent  so  obscure  that  it  is  impossible  in  individual  cases 
to  express  an  absolute  opinion  as  to  the  consumptive  or  hypoplastic 
nature  of  the  anemia,  especially  since  the  different  pathogenesis  lends 
no  characteristics  to  the  disease-picture.  Hayem,  therefore,  properly 
insists  that  it  is  impossible  to  classify  the  chronic  anemias  from  the 
alterations  in  the  blood-picture,  and  claims  that  the  differences  are  only 
in  degree,  and  that  every  cause  which  can  produce  anemia  may  produce 
either  a  mild  or  severe  form,  so  that  from  the  severity  of  the  disease  no 
conclusion  can  be  drawn  as  to  its  etiology. 

In  a  comprehensive  discussion  of  the  simple  chronic  anemias,  there- 
fore, it  appears  advisable  to  subdivide  the  special  etiologic  factors,  but 
to  discuss  the  symptomatology  of  the  whole  group  together,  taking  up 
only  special  peculiarities  of  the  blood  or  of  the  clinical  picture  sepa- 
rately. 

Simple  chronic  anemia  occurs  : 

a,  after  frequently  repeated  hemorrhages  ; 

/9,  on  continued  undernourishment  and  as  the  effect  of  other  factors 
contrary  to  the  requirements  of  hygiene  ; 

y,  in  association  with  and  as  the  result  of  other  diseases  ; 

5,  after  acute  and  chronic  intoxications. 

'  Brit.  Med.  Jour.,  Sept.  29,  1900. 
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THE  ORIGIN  OF  SIMPLE  CHRONIC  ANEMIA. 

Subacute  and   Chronic   Post-hemorrhagic  Anemia. — In 

the  discussion  of  acute  anemia  we  saw  that  even  small  losses  of  blood 
(50  c.c.)  produced  evident  changes  in  the  blood  of  adults,  though  a 
healthy  organism  readily  returned  to  normal.  Yet  if  in  a  comparatively 
short  space  of  time  even  these  small  hemorrhages  were  frequently  re- 
peated, the  power  of  regeneration  often  proved  insufficient  and  a  chronic 
anemic  condition  developed  as  a  consequence.  Such  chronic  hemor- 
rhages are  produced  by  numerous  causes. 

Apart  from  rare  causes  we  may  mention  :  1,  Epistaxis,  which  as 
a  rule  is  produced  by  some  general  disturbance  of  the  circulation, 
hemophilia,  ulceration  of  the  mucous  membrane,  etc.  ;  2,  pulmonary 
hemorrhages  (in  phthisical  patients)  which  are  diiferentiated  from  others 
of  this  group  by  their  intensity  ;  3,  hemorrhages  within  the  intestinal 
tract  produced  by  parasites  (Ankylostomum  duodenale),  ulcus  ventriculi 
et  duodeni,  malignant  tumors,  hemorrhoids  * ;  4,  in  women  hemorrhages 
from  the  genitalia  produced  by  abnormal  increase  of  menstruation  or 
inflammatory  processes  or  tumors,  especially  myomata  ;  5,  vesical  hem- 
orrhage from  cystitis  and  tumors  ;  6,  different  forms  of  the  general 
hemorrhagic  diathesis. 

In  only  a  few  cases  of  this  group  can  the  actual  effect  of  the  hem- 
orrhage be  observed,  since  in  the  majority  the  picture  is  confused  by 
complications  like  fever,  lack  of  nourishment,  and  intoxications.  Still 
certain  conclusions  have  been  reached  from  animal  experiments. 

The  effect  of  repeated  hemorrhages  on  the  organism  is  obviously 
decided  by  two  factors  :  1,  The  size  of  the  individual  hemorrhages  ; 
and  2,  the  rapidity  with  which  they  follow  one  another. 

From  the  writer's  experience  in  regard  to  the  regeneration  of  the 
blood  after  a  single  hemorrhage,  it  is  evident  that  very  great  losses  may 
be  entirely  replaced  in  a  reasonably  short  time.  Moreover,  Quincke 
has  shown  that  almost  double  the  entire  amount  of  blood  may  be 
gradually  withdrawn  from  dogs  in  the  course  of  four  or  five  months 
and  be  completely  restored.  The  necessary  re(piirement  for  this  com- 
pensation is  the  allowing  of  a  sufficient  interval  between  hemorrhages 
for  a  complete  regeneration.  In  man  exact  statistics  are  wanting,  yet 
repeated  clinical  experience,  especially  from  olden  times,  when  venesec- 
tion was  in  vogue,  would  seem  to  indicate  that  even  repeated  great> 
losses  of  blood  leave  behind  no  chronic  alterations  when  the  intervals 
between  the  individual  hemorrhages  are  long. 

'  It  may  be  mentioned  here  that  sevei-al  writers — e.  rj.,  Diniin — regard  chlorosis  as  a 
result  of  repeated  small  losses  of  blood  within  the  intestinal  tract. 
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Other  eifects  naturally  come  into  play  when  a  second  loss  of  blood 
occurs  before  complete  regeneration.  Under  these  circumstances  con- 
siderably smaller  losses  than  Quincke  found  necessary  in  his  experi- 
ments on  animals  can  produce  severe  chronic,  even  irreparable,  injury 
to  the  organism. 

How  great  an  amount  of  blood  a  man  can  lose  by  frequently  re- 
peated hemorrhages  in  a  comparatively  short  time,  can  naturally  not  be 
determined  even  approximately.  Alexandrew,  a  Russian  physician, 
who  was  affected  with  phthisis  and  frequently  suffered  from  hemoptysis, 
measured  every  time  the  amount  of  blood  lost,  and  claims  he  lost  in  six 
and  a  half  months  about  20  kg.  blood — /.  e.,  with  a  body  weight  of 
65  kg.,  about  four  times  the  entire  amount  of  blood.  Yet,  according 
to  his  own  report,  he  recuperated  fully.  That  continued  insignificant 
losses  of  blood  following  one  another  at  not  very  great  intervals  must 
lead  to  a  chronic  anemic  condition,  is  evident  from  the  general  efPect 
of  hemorrhage,  which  is  discussed  under  Acute  Anemia.  As  long  as  the 
regeneration  continues  to  be  interrupted,  so  long  will  the  blood  be 
unable  to  attain  its  full  value  in  individual  constituents.  If  then  the 
hemorrhage  eventually  ceases,  the  restitution  proceeds  much  more  slowly 
than  after  a  similarly  severe  acute  anemia.  Thus  it  has  been  shown  in 
experiments  on  animals  that  the  period  required  for  complete  restoration 
is  greater  the  more  frequently  the  hemorrhage  is  repeated.  Laache  com- 
pared corresponding  clinical  observations  with  one  another.  He  found, 
for  instance,  in  a  case  of  acute  post-hemorrhagic  anemia  that  the  number 
of  blood-corpuscles  increased  within  two  months  from  1,600,000  to 
normal,  while  an  increase  from  2,500,000  to  normal  in  a  case  of  hem- 
orrhoids in  which  anemia  was  produced  liv  frequent  hemorrhages  occur- 
ring over  years,  required  eight  months,  although  no  new  hemorrhages 
occurred  after  the  beginning  of  observation. 

Morever,  beyond  certain  limits,  the  organism  is  incapable  of  com- 
pensating for  alterations  produced  by  repeated  hemorrhages ;  though 
individual  differences  in  this  regard  are  marked. 

•If  the  strength  of  the  body  is  broken  down,  a  chronic  anemia 
develops  which  can  be  differentiated  from  the  simple  chronic  anemias 
of  different  origin  by  no  special  characteristics,  and  its  symptoms,  there- 
fore, will  be  described  later  in  common  with  those  of  the  whole  group. 

The  Origin  of  Simple  Chronic  Anemia  Through  Un- 
favorable Hygienic  Conditions. — The  group  of  post-hemor- 
rhagic anemias,  the  etiology  and  pathogenesis  of  which  are  known  from 
clinical  observation  and  experiment,  is  followed  by  another  very  impor- 
tant group  referable  to  the  protracted  action  of  unfavorable  hygienic 
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conditions,  though  the  particular  causative  factors  are  not  very  clear. 
Nevertheless,  from  a  careful  study  of  the  anamneses  in  these  cases  it 
appears  obvious  that  not  one  factor  alone,  but  several  acting  together, 
produce  the  alteration  in  the  blood,  since  it  is  scarcely  ever  possible  to 
point  to  the  violation  of  only  one  hygienic  condition.  The  most  trequent 
examples  are  found  among  the  laboring  classes  in  the  large  cities,  when 
the  anemia  may  be  regarded  as  the  result  of  all  the  harmful  influences 
with  which  the  struggle  for  existence  is  associated  :  An  insufficient 
amount  and  poor  quality  of  food  ;  dwellings  which  with  their  want  of 
light  and  pure  air  contradict  all  hygienic  requirements  ;  excessive  bodily 
efforts,  insufficient  recreation,  and,  in  addition  to  these  physical  ills, 
mental  care  and  trouble.  The  protracted  action  of  this  multiplication 
of  ills  leads  in  predisposed  individuals  to  all  sorts  of  organic  disease, 
and  in  the  strongest  may  undermine  the  resisting  power,  with  the  pro- 
duction of  a  chronic  anemia.  Though  these  relations  are  known  not 
only  to  every  physician,  but  also  to  every  intelligent  person,  and  seem 
a  matter  of  course,  an  exact  scientific  analysis  of  them  has  not  been 
successful,  in  fact,  has  scarcely  been  attempted.  The  chief  reason  for 
this  lies  in  the  fact  that  such  patients  manifest  only  a  simple  anemia 
without  organic  disease,  and  usually  fail  to  come  under  clinical  obser- 
vation, either  because  they  do  not  recognize  their  diseased  condition  or 
because  they  attribute  to  it  too  little  significance. 

Nevertheless  the  fact  has  become  so  important  to  the  physician  and 
hygienist  that  numerous  experimental  studies  have  been  devoted  to  the 
influence  of  the  individual  hygienic  factors  on  the  composition  of  the 
blood.  The  writer  must  insist,  however,  that  we  should  be  still  very 
far  from  a  satisfactory  explanation  of  the  action  of  the  combined  factors 
even  after  we  succeeded  in  obtaining  positive  knowledge  in  regard  to  the 
effect  of  one. 

The  influence  of  insufficient  nourishment  on  the  composition  of 
the  blood  has  been  studied  comparatively  more  than  any  other  factor  on 
account  of  the  great  interest  centering  in  this  question  from  the  stand- 
point of  physiology  and  pathology. 

Numerous  prominent  investigators,  among  whom  we  may  mention 
especially  Heidenhain,  Panum,  and  C.  Voit,  have  demonstrated  in  both 
animals  and  man  the  influence  of  insufficient  and  poor  nourishment. 
What  hematology  has  learned  from  these  experiments,  we  shall  detail 
in  the  following; : 

The  first  experiments  attracting  our  attention  are  those  which  show 
how  the  human  or  animal  organism  reacts  on  the  entire  withdrawal  of 
nourishment.     Considerable  knowledge  has  been  gained  in  this  direction 
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from  the  so-called  "  fasting  artists/'  who  voluntarily  deprive  themselves 
of  nourishment  for  a  long  time  while  drinking  copiously  of  water. 
Consequently,  omitting  a  few  questions,  we  are  not  obliged  to  apply  the 
resultjs  of  animal  experimentation  to  man,  a  procedure  which,  particu- 
larly in  hematology,  may  give  rise  to  gross  errors. 

The  writer  will  begin  with  the  investigations  made  by  Senator  and  F. 
Miiller  on  the  fasting  artists,  Cetti  and  Breithaupt,  while  they  were  abso- 
lutely deprived  of  nourishment,  though  taking  as  much  water  as  they 
wished.  Cetti's  fasting  period  lasted  ten  days,  during  which  the  body 
weight  sank  irom  57  to  50  kg.  The  hematologic  investigations  on  him 
were  limited  to  the  determination  of  the  relative  amount  of  hemoglobin 
and  the  counting  of  tlie  white  and  red  corpuscles.  The  number  of  red 
blood-corpuscles  per  c.cm.  was  about  1,000,000  higher  at  the  termination 
of  the  experiment  than  at  the  beginning.  The  number  of  leukocytes 
decreased  from  12,000  to  4200,  the  percentage  of  hemoglobin  from  115 
to  85—90  per  cent.  In  the  case  of  Breithaupt,  who  fasted  only  six 
days  and  decreased  in  weight  3.5  kg,,  the  number  of  red  blood- 
corpuscles  remained  practically  unchanged,  the  number  of  leukocytes 
sank  to  6500,  and  the  percentage  of  hemoglobin  increased  from  107  to 
130  per  cent. 

Since  these  results  of  Senator  and  Miiller  are  in  complete  accord 
with  numerous  previous  experiments  on  animals  and  other  observations 
on  fasting  individuals,  they  are  sufficient  to  show  that  the  sudden  absolute 
withdrawal  of  food  is  not  capable  of  producing  oligocythemia  or  oHgo- 
chromemia.  Still  in  these  cases  considerable  influence  is  probably 
exercised  by  the  circumstance  that  the  persons  in  question  enjoyed  every 
hygienic  advantage,  and,  since  they  undertook  the  experiments  volun- 
tarily, were  free  from  every  mental  worry. 

Moreover,  the  observations  on  man  require  animal  experimentation 
to  complete  them,  since  only  in  this  way  can  we  obtain  a  knowledge  of 
the  behavior  of  the  whole  amount  of  blood  in  such  experiments.  The 
entire  agreement  of  the  experiments  on  animals  made  by  Heidenhain, 
Panum,  and  Voit  shows  evidently  that  in  fasting  animals  the  blood 
experiences  an  absolute  loss  almost  exactly  proportional  to  that  of  the 
whole  body  weight.  Accordingly  the  percentage  relation  of  the  blood 
to  the  whole  body  weight  remains  undisturbed.  For  instance,  the 
amount  of  Ijlood  in  Voit's  normal  control  dog  amounted  to  8.5  per 
cent,  of  the  weight  of  the  entrails  and  muscles,  in  the  fasting  dog  to  ^.'^ 
per  cent.  ;  the  blood  of  the  latter  contained  21.75  per  cent,  solid  con- 
stituents, of  the  former  18.11  per  cent.  Further,  the  relative  propor- 
tion of  the  ini])()rtant  constituents  of  the  blood  to  one  another  was  not 
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markedly  altered  ;  according  to  Panum,  only  the  dried  substance  of  the 
serum  (both  the  albumin  and  its  salts)  experienced  a  decrease. 

Although  from  these  experiments  it  would  appear  that  a  pretty  con- 
siderable absolute  diminution  of  the  amount  of  blood  could  be  brought 
about  by  inanition,  it  would  not  be  proper  to  speak  of  an  oligemia, 
since  the  animal  in  question  possesses  exactly  as  much  blood  as  a  normal 
healthy  animal  of  similar  body  weight. 

From  exact  experiments  on  man  and  animals,  therefore,  the  con- 
clusion can  be  drawn  that  sudden  absolute  withdrawal  of  nourishment 
is  not  capable  of  producing  an  anemia. 

By  no  means  so  definite  an  answer  can  be  given  concerning  the  influ- 
ence exercised  by  subacute  or  chronic  lack  of  nourishment  on  the  compo- 
sition of  the  blood.  In  contrast  to  acute  inanition,  which  is  practically 
of  only  theoretic  interest,  the  investigation  of  the  effects  of  a  periodic  or 
long-continued  lack  of  sufficient  nourishment  constitutes  one  of  the 
most  important  questions  in  practical  hygiene  and  clinical  medicine. 
To  indicate  even  the  general  lines  of  such  an  investigation  would  carry 
us  far  beyond  the  scope  of  this  work.  We  can  only  give,  therefore, 
the  facts  that  hematology  has  acquired  from  these  investigations. 

The  idea  is  general  that  insufficient  nourishment  produces  an  im- 
poverishment of  the  blood,  and  it  has  taken  deeper  root  on  account  of 
the  fact  that  poorly  nourished  individuals  are  almost  invariably  very 
pale.  Moreover,  an  a  priori  connection  between  lack  of  nourishment 
and  anemia  is  quite  plausible.  In  Immermann's  sense  this  form  of  ane- 
mia would  be  to  a  certain  extent  the  opposite  of  the  acute  post-hemor- 
rhagic,  and  might  be  designated  the  purest  type  of  "  hypoplastic"  anemia. 

Further  observations  on  man  and  animals,  however,  forced  the 
rejection  of  this  idea. 

Sahli  first,  after  him  Laache,  Oppenheimer,  and  others,  demonstrated 
that  individuals  with  very  pale  skin  and  mucous  membranes  frequently 
showed  a  normal  percentage  of  hemoglobin  and  a  normal  number  of 
corpuscles.  This  fact  has  been  repeatedly  confirmed,  especially  in 
patients  considerably  emaciated  by  some  fundamental  disease — e.  g., 
tuberculosis. 

[It  has  been  found  that  the  pallor  of  certain  diseased  conditions, 
such  as  arteriosclerosis,  nervous  disorders,  and  the  spurious  anemia  of 
new-comers  in  tropical  countries,  is  not  accompanied  by  any  reduction 
in  the  number  of  corpuscles  or  the  amount  of  hemoglobin.  The 
phenomenon  is  doubtless  due  to  vasomotor  conditions,  and  the  term 
angiosj>astic  yiseudo-anemia  has  been  suggested. — Ed.] 

These  observations  alone  are  sufficient  to  prove  that  the  relation 
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between  nourishment  and  the  condition  of  the  blood  is  by  no  means  so 
close  as  we  might  be  inclined  to  assume. 

This  question  was  taken  up  by  the  physiologists  long  before  the 
clinicians.  They  taught  that  it  was  not  so  much  a  lack  of  nourishment 
as  a  deficient  quality  of  nourishment  which  exercised  an  unfavorable 
influence  on  the  composition  of  the  blood.  Verdeil  demonstrated  in 
1849  that  dogs  fed  with  bread  showed  a  considerable  less  quantity  of 
iron  in  the  blood  ash  than  when  fed  on  a  rich  meat  diet.  Later  Voit 
and  his  pupils  (see  Ssubottin)  demonstrated  the  general  principle  that 
the  hemoglobin  percentage  of  the  blood  fluctuates  according  to  the 
amount  of  albumin  in  the  food. 

These  investigations  were  recently  taken  up  by  v.  Hoslin.  He 
determined  first,  in  experiments  continued  over  months,  that  a  chronic 
even  high-grade  lack  of  nourishment  per  se,  though  it  is  capable  of 
producing  an  extraordinary  loss  of  weight,  is  not  capable  of  reducing 
the  quality  of  the  blood. 

He  took  two  dogs  of  the  same  litter  and  of  pure  blood,  and  fed  one 
(primary  weight  3.2  kg.)  from  the  beginning  with  only  one-third  the  amount 
of  nourishment  of  the  other  (primary  weight  3.1  kg.).  On  the  fifty-sixth 
day  the  latter  weighed  11.6  kg.  and  showed  10.2  per  cent,  hemoglobin  ;  the 
other  5.5  kg.  and  11.2  per  cent,  hemoglobin.  After  four  months  the  figures 
were : 

Kg.  Bb.        Red  blood-corpuscles. 

I.  23.4  14.9  6.62  millions 

II.     8.5  16.0  7.97 

After  one  and  one-half  yeare  ...    I.  30.3  17.6  8.3  " 

II.     9.5  15.5  7.3  " 

It  is  clear  that  experiments  in  this  direction  can  not  be  done  on 
man.  Those  done  by  Grawitz  on  himself  and  several  other  healthy 
individuals  were  naturally  of  very  short  duration,  so  that  the  transitory 
lack  of  nourishment  did  not  even  lead  to  a  decrease  in  weight. 

V.  Hosslin  further  studied  the  influence  of  qualitatively  defective 
nourishment,  and  demonstrated  by  animal  experiments  that  only  a 
diminution  of  tlie  iron  in  the  nourishment,  not  of  the  albumin,  as 
previously  believed,  was  capable  of  producing  alterations  in  the  com- 
position of  the  blood,  especially  an  impoverishment  of  hemoglobin. 
The  lively  discussion  of  late  years  on  iron  therapy  has  brought  out  a 
number  of  investigations  similar  to  this  (Bunge,  Kunkel,  and  others), 
and  in  confirmation  of  Hosslin's  results  it  has  been  frequently  shown 
that  anemias,  even  of  severe  degree,  could  be  produced  by  nourishment 
which  was  dev^oid  of  iron — e.  g.,  by  an  exclusive  milk  diet  continued 
beyond  the  time  of  physiologic  lactation. 
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Hiiusermann  reports  the  only  single  analogous  case  in  man.  He  had 
the  opportunity  of  observing  an  eighteen-year  old  industrial  pupil  who  had 
never  eaten  anything  else  than  milk.  Now  and  again  he  had  made  the 
attempt  to  eat  bread  and  fruit,  but  could  never  become  accustomed  to  them  ; 
for  meat,  eggs,  butter,  cheese,  and  vegetables  he  had  an  unconquerable  dis- 
taste. His  general  constitution  was  that  of  pronounced  anemia  :  pale-yellow- 
ish color,  cold  feet  and  hands,  easily  fatigued,  ready  excitability  of  pulse, 
etc.  The  number  of  red  blood-corpuscles  amounted  to  5,000,000,  the  per- 
centage of  hemoglobin  to  60  per  cent.  (Gowers). 

Undoubtedly  then  the  greater  number  of  "  anemias  from  inanition  " 
are  to  be  explained  by  the  want  of  those  nutritive  substances  from  which 
the  body  derives  most  of  its  iron,  in  other  words,  especially  meat.  Since 
this  is  relatively  the  dearest  article  of  diet,  poor  people  often  obtain  it 
only  in  insufficient  amounts  or  even  not  at  all.  Moreover,  the  same  is 
true  in  the  cities  in  regard  to  the  vegetables  containing  the  most  iron, 
like  spinach,  asparagus,  and  fruit.  Deprivation  of  these  articles  seems 
to  constitute  one  of  the  most  important  causes  of  anemia  in  the  louver 
classes. 

A  second  factor  to  which  is  commonly  attributed  a  large  influence 
on  the  proper  composition  of  the  blood,  is  light.  In  fact,  hemoglobin 
has  often  been  compared  with  chlorophyll  on  the  theory  as  the  latter 
is  elaborated  only  in  the  presence  of  light,  the  formation  of  hemo- 
globin also  requires  it.  One  argument  for  this  view  was  found  in 
the  fact  that  the  inhabitants  of  dark  dwellings  are  frequently  pale  and 
anemic.  Nevertheless  the  investigations  of  recent  years  have  shown 
that  this  idea  is  groundless,  and  directly  contradicts  exact  observation. 
Schoenenberger,  in  a  complete  monograph,  has  stated  our  knowledge  of 
the  physiologic  effect  of  light,  paying  particular  attention  to  the  eifect 
of  the  removal  of  light  on  the  blood.  He  presents  two  observations 
which  show  better  than  any  laboratory  exjierinient  that  even  a  long- 
continued  absence  of  light,  when  the  other  vital  conditions  are  not 
unfavorable,  produces  no  bad  effects  on  the  organism.  He  obtained 
reports  from  a  large  number  of  veterinary  surgeons  as  to  the  health  of 
horses  which  for  ten  to  twenty-four  years  uninterruptedly  worked  in 
mine-pits  without  exposure  to  one  ray  of  sunlight.  According  to  these 
reports,  the  horses  remained  in  excellent  health,  and  no  disease  was 
ever  observed  which  could  be  referred  to  the  want  of  liffht.  He  further 
mentions  the  report  of  the  physician  (Dr.  Blessing)  on  Nansen's  North 
Pole  Expedition,  wliich  expressly  states  that  the  blood  examinations 
made  during  three  long  polar  nights  of  one  hundred  and  forty  to  one 
hundred  and  fifty  days  each  showed  no  anemia  or  other  deterioration. 
This  would  go  to  prove  that  in  the  case  of  other  polar  explorers  who 
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manifested  a  greenish-yellow  color  of  the  skin  and  other  disturbances 
of  health  under  the  influence  of  tlie  polar  night,  the  blame  should  be 
laid  not  on  the  want  of  light,  but  on  other  unhygienic  conditions. 

After  these  two  series  of  observations,  which,  as  far  as  the  depriva- 
tion of  light  is  concerned,  are  extreme  in  their  duration  and  intensity, 
animal  experiment  seems  superfluous.  The  writer,  therefore,  men- 
tions only  in  brief  Schoenenberger's  experiments,  in  which  he  left 
several  rabbits  thirty  to  forty  days  in  absolute  darkness.  He  was  then 
able  to  demonstrate  the  surprising  fact  that  the  entire  blood  showed 
during  this  time  a  progressive  though  moderate  increase  in  cells  and 
solid  constituents.  A  microscopic  examination  of  the  blood  showed 
no  noticeable  deviation  from  the  normal.  Accordingly,  we  must  con- 
clude that  an  absence  of  light  is  not  concerned  in  the  origin  of  anemia. 

An  unfavorable  influence  on  health  is  undoubtedly  exercised  by  the 
bad  air  in  the  dwellings  of  the  poor  in  city  and  country.  We  consider 
the  air  bad  when  contaminated  by  gaseous  constituents  which  offend  the 
sense  of  smell  or  actually  irritate  the  respiratory  passages.  Omitting 
contamination  produced  by  manufacturing  industries,  the  most  impor- 
tant is  that  arising  from  decomposition  of  the  waste  products  of  the  human 
economy.  Mention  may  be  made  especially  of  hydrogen  sulphid, 
ammonia,  and  volatile  fatty  acids,  which,  according  to  Fliigge,  are 
often  mixed  with  the  air  in  such  small  amounts  that  they  can  not  be 
demonstrated  chemically,  though  they  may  torment  the  sensitive  sense 
of  smell.  The  explanation  of  the  evil  effects  of  bad  air  on  the  health 
is  likewise  not  satisfactory.  True,  in  bad  air  a  sensation  of  nausea  is 
frequently  experienced,  and  the  respiration  becomes  superficial  in  the 
involuntary  endeavor  to  limit  to  the  utmost  the  entrance  of  the  noxious 
vapor.  Yet  these  sensations  are  quickly  blunted,  and  even  very  sensi- 
tive persons  soon  fail  to  notice  a  bad  odor  to  which  they  are  persist- 
ently exposed.  The  respiration  also  becomes  normal.  Still,  it  can  not 
be  said  that  the  continued  contamination  of  the  air  by  noxious  gases, 
even  when  very  slight,  is  incapable  of  influencing  the  composition  of  the 
blood. 

Further  than  this  the  writer  can  not  go.  Consequently  at  the  close 
of  this  section  be  must  repeat  the  indubitable  statement  that  a  continu- 
ous or  serious  violation  of  hygiene  produces  in  numerous  individuals  a 
chronic  condition  of  anemia,  though  he  is  unable  to  define  more  accu- 
rately its  mode  of  origin,  except  that  the  greatest  significance  is 
attril)utable  to  insufficient  nourishment. 

Anemia  as  an  Associated  Symptom  and  Sequela  of 
Other  Diseases. — On  account  of  the  close  metabolic  relations  which 
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the  blood  bears  to  all  the  organs  of  the  body  there  is  scarcely  a 
pathologic  process  of  any  extent  without  the  blood  showing  some  mani- 
festation. Still  the  anticipation  has  not  been  fulfilled  that  definite 
changes  in  the  composition  of  the  blood  would  be  found  corresponding 
to  definite  diseases,  thereby  aiding  both  diagnosis  and  prognosis  ;  though 
the  investigations  of  acute  and  chronic  diseases  have  brought  forth  so 
many  positive  results  in  this  regard  that  it  is  now  the  duty  of  the 
clinician  to  develop  this  material  possibly  by  means  of  finer  methods  in 
order  that  it  may  take  on  its  proper  practical  significance. 

Among  the  alterations  which  the  blood  experiences  in  conditions 
apart  from  specific  hematologic  diseases,  only  a  small  portion  can  be 
described  as  anemic  in  character ;  for  while  many  conditions  produce 
alterations  in  certain  of  the  chemic  and  morphologic  constituents  of  the 
blood,  the  amount  of  hemoglobin  usually  remains  normal.  Still  every 
disease  can  produce  anemia  through  secondary  influences,  though  the 
writer  intends  to  discuss  chiefly  certain  definite  pathologic  conditions  in 
which  anemia  develops  more  or  less  regularly  or  to  a  marked  degree. 

When  one  considers  in  a  general  way  how  diseases  of  various  organs 
may  produce  a  deterioration  of  the  blood,  attention  is  at  once  attracted 
by  the  causes  of  anemia  discussed  in  the  two  preceding  sections.  In 
the  first  place,  apart  from  a  very  few  isolated  conditions,  almost  all  dis- 
eases are  associated  with  a  diminution  in  the  amount  of  nourishment. 
This  belongs  sometimes  to  the  nature  of  the  disease  itself — e.  g.,  in 
diseases  of  the  digestive  tract — or  is  the  result  of  the  disturbance  of 
appetite  produced  by  the  rest  in  bed,  fever,  etc.  The  effect  of  this 
relative  inanition  is  naturally  increased  when  combined  with  other 
influences. 

Moreover,  a  small  number  of  diseases  are  associated  with  more  or 
less  severe  losses  of  blood  (compare  p.  187),  with  the  result  of  a  post- 
hemorrhagic anemia,  which  is  increased  by  the  blood  lesions  of  other 
origin. 

When  the  anemic  condition  arises  through  loss  of  blood-tissue  itself, 
the  connection  between  cause  and  effect  is  very  apparent.  Still,  besides 
this  group  there  are  other  anemias  which  are  the  result  of  the  pathologic 
loss  of  other  valuable  tissues.  Among  these  may  be  mentioned,  first, 
subacute  or  chronic  processes  in  which  a  highly  organized  material  rich 
in  cells  is  withdrawn  in  largo  quantities  from  the  organism;  for  instance, 
long-continued  suppuration.  In  this,  important  constituents  of  the 
body  are  lost,  which  require  for  their  elaboration  a  considerable  expendi- 
ture of  strength.  It  needs  no  proof  to  show  that  in  the  economy  of 
the  organism  defects  must  arise  when  such  a  hig-hlv  valuable  material 
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is  produced  in  large  quantities  and  is  lost  without  performing  its  func- 
tion. Moreover,  an  excessive  loss  of  highly  important  chemic  sub- 
stances containing  no  cells — e.g.,  albumin,  in  albuminuria  or  exudate 
formation — must  produce  similar  results. 

Still  in  this  case  the  connection  between  the  cause  and  the  effect  is 
not  so  clear.  Experimental  investigations,  from  which  we  were  able 
to  derive  so  much  information  in  the  discussion  of  the  ])ost-hemorrhagic 
condition,  are  almost  entirely  wanting.  In  addition,  the  question  in 
this  case  is  much  more  complicated,  since  the  effect  of  the  loss  of  cell- 
substance  is  only  one  effect,  and  probably  a  comparatively  small  effect, 
of  the  general  action  of  the  suppurative  process.  Further,  when  we 
compare  the  large  amount  of  cell  material  eventually  lost  to  the  body, 
this  seems  to  exceed  greatly  the  loss  of  substance  in  acute,  subacute, 
and  chronic  hemorrhages.  Though  in  a  post-hemorrhagic  anemia  the 
loss  of  red  blood-corpuscles  is  naturally  the  most  important  factor  in 
the  origin  of  the  anemia,  a  comparison  is  still  possible,  since  the  white 
cells  of  the  pus  are,  on  account  of  their  high  nuclein  content,  of  great 
histologic  value.  Moreover,  to  this  direct  loss  of  the  body  con- 
stituents is  added  an  extraordinary  activity  of  the  bone-marrow,  which 
in  long-continued  suppuration  is  obliged  to  satisfy  the  increased  de- 
mands. We  can  not  refrain  from  the  conjecture  that  on  a  long  con- 
tinuance of  this  condition  the  physiologic  function  of  the  bone-marrow 
(the  new  formation  of  blood)  must  suffer.  A  valuable  support  for  this 
view  is  found  in  the  observations  of  Roger  and  Josue.  They  examined 
histologically  the  bone-marrow  after  experimental  staphylococcus  infec- 
tion, and  found  the  fat  considerably  diminished  and  the  cells  proliferated, 
among  the  latter  the  granular  neutrophiles,  especially  the  mononuclear 
variety,  predominating.  The  eosinophiles  were  relatively  scanty  in 
-number.  We  recognize,  therefore,  in  suppuration,  apart  from  the  effect 
of  the  fever  and  the  bacterial  toxins,  which  will  be  discussed  later,  two 
factors  which  hold  a  relation  to  the  subsequent  anemia,  namely,  the  loss 
of  highly  valuable  material  and  the  overstimulation  of  the  most 
important  blood-making  organ. 

Tiie  effect  of  the  mere  loss  of  substance  in  suppuration  on  the  pro- 
duction of  the  anemia  can  be  seen  in  analogous  processes,  for  instance, 
spermatorrhea,  lactorrhea,  and  excessive  losses  of  epithelium  and 
nuicus  in  catarrhs  of  the  respiratory  or  digestive  tract.  The  increased 
activity  of  the  glandular  secretion  is  analogous  to  the  increased  activity 
of  the  bone-marrow.  In  addition  to  the  loss  of  material,  therefore,  a 
decrease  in  strength  takes  })lace,  since  the  increased  cell  activity  is  in  no 
way  beneficial  to  the  organism. 
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We  must  include  with  these  conditions  the  loss  of  valuable  chemic 
non-organized  substances,  especially  albumin.  The  relations  between 
albuminuria  and  the  composition  of  the  blood  excited  the  investi- 
gative zeal  of  the  older  scientists,  like  Andral  and  Gavarret,  Frerichs, 
Cohnheim  and  Lichtheim,  and  others,  but  in  late  years  even  more 
numerous  researches  have  been  undertaken,  among  which  may  be 
mentioned  those  of  Haramerschlag,  Dieballa,  and  Askanazy. 

Dieballa  averaged  a  large  series  of  estimations  in  order  to  show  the 
relation  between  the  degree  of  the  albuminuria  and  the  hydremia.  Yet 
as  simple  as  the  relation  seems  to  be  on  first  glance,  it  becomes  more 
complex  the  deeper  one  goes  into  detail.  The  loss  in  albumin  through 
the  urine  is  in  but  few  cases  sufBciently  large  to  make  the  metabolic 
balance  negative.  Moreover,  the  loss  can  readily  be  replaced  by  food. 
Nevertheless,  in  many  such  cases  we  see  an  undoubted  anemia  develop. 
So  far,  no  satisfactory  explanation  has  been  made,  so  that  many  writers 
attribute  the  anemia  to  complications  like  loss  of  appetite,  disturbances 
of  digestion,  etc.,  while  others  refer  it  to  the  toxic  eifects  exercised  by 
substances  retained  in  the  circulation  on  account  of  defective  renal 
function. 

Though  the  explanation  of  the  origin  of  hydremia  from  albuminuria 
is  difficult,  the  hydremia  itself  can  not  be  doubted.  Moreover,  that  the 
hydremia  may  prove  directly  injurious  to  the  red  blood-corpuscles,  and 
so  lead  to  a  true  anemia  in  the  sense  of  an  absolute  diminution  of 
hemoglobin,  has  been  previously  shown  in  several  places. 

A  symptom  to  which  the  greatest  importance  is  generally  attributed 
in  the  origin  of  anemic  conditions  is  fever.  Daily  experience  demon- 
strates that  a  whole  series  of  acute  and  chronic  febrile  conditions  pro- 
duce the  clinical  syndrome  of  anemia.  Although  the  apparent  anemia 
has  not  rarely  been  a  delusion  produced  by  vasomotor  influences,  the 
special  examination  of  the  blood  has  not  infrequently  determined  a 
decrease  in  hemoglobin.  Moreover,  though  the  hemoglobin  estimations 
are  not  absolute,  and  marked  transitory  differences  in  quantity  may  be 
prodnced  by  the  taking  up  or  the  giving  off  of  water,  a  series  of  facts 
can  be  brought  forward  to  show  an  actual  decrease  of  hemoglobin  in 
fever.  Among  these  there  is,  first,  hydrobilirubinuria.  Viglezio  was 
the  first  to  advocate  the  view  that  the  amount  of  urobilin  is  a  criterion 
of  the  destruction  of  the  red  blood-corpuscles  by  infectious  and  toxic 
agents.  The  icterus  and  increased  hydrobilirubin  excretion  in  the 
urine  observed  in  connection  with  tuberculin  reactions  is  likewise 
attributed  by  Hoppc-Seyler  to  a  destructive  effect  exercised  by  large 
doses  of  tuberculin  on  the  blood  coloring-matter. 
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Though  we  have  absolutely  determined  that  the  blood  does  deteri- 
orate under  the  influence  of  fever,  it  is  not  clear  what  factor  plays  the 
decisive  role.  According  to  present  day  views,  this  question  must  be 
treated  similarly  to  the  investigation  of  the  relations  between  febrile 
diseases  and  albuminous  decomposition.  In  this  regard,  as  is  well 
known,  numerous  reliable  investigators  have  shown  that  elevation  of 
temperature  ^>r/-  .sr  produces  only  a  slight  part  of  the  increase  in  tissue 
breakdown.  In  an  analogous  way  an  attempt  has  been  made  to 
study,  by  means  of  artificial  hyperthermia,  the  factor  in  the  fever  which 
plays  the  chief  role  in  the  deterioration  of  the  blood.  According  to 
the  observations  of  Breitenstein,  A.  Lowy,  and  others,  artificial  hyper- 
thermia appears  to  have  no  influence  on  the  composition  of  the  blood, 
and  causes  only  variations  in  its  distribution  through  vasomotor  action. 
Ziegler  and  Werhowsky  alone  report  in  animals,  which  they  kept  for 
different  lengths  of  time  (two  to  twenty-nine  days)  at  an  incubator 
temperature,  an  enormous  increase  of  hemosiderin  in  the  bone-marrow 
and  spleen  as  a  sign  of  increased  destruction  of  hemoglobin. 

Still,  one  must  realize  that  artificial  heating  of  an  animal  by 
elevation  of  the  external  temperature  is  by  no  means  identical  with 
fever,  and  that  the  results  obtained  by  such  methods  are  not  to  be  con- 
sidered as  contributing  much  to  the  knowledge  of  febrile  conditions. 
Only  by  the  aid  of  toxic  substances  can  feyer  be  produced  experi- 
mentally in  any  way  analogous  to  the  natural  pathologic  process. 
With  this  in  view  considerable  zeal  has  been  expended  in  regard  to  the 
effects  of  the  proteins  and  the  metabolic  jiroducts  of  bacteria  on  the 
animal  and  human  organii^m.  The  majority  of  facts  in  this  direction 
have  been  collected  from  experiments  with  Koch's  tuberculin  ;  and 
these  investigations  have  proved  very  instructive  for  hematology. 

The  influence  of  bacterial  toxins  on  the  blood  apart  from  the  direct 
production  of  anemia  is  observed  in  alterations  in  the  number  of 
leukocytes,  in  increase  or  diminution  of  the  watery  constituents,  or  in 
modifications  of  tl)e  distribution  of  the  blood.  The  relation  of  all  these 
factors  to  anemia  has  been  discussed  in  other  sections. 

The  writer  can  do  no  more  than  mention  here  the  important  and 
interesting  observations  on  the  chemotactic  effects  of  bacterial  toxins, 
namely,  hyperleukocytosis  and  hypoleukocytosis,  and  must  refer  for 
further  details  to  Part  I.  of  this  vokune.  Moreover,  he  can  only  touch 
on  the  investigations  which  demonstrate  an  increase  in  the  lymph  circu- 
lation from  the  action  of  bacterial  toxins,  for  instance,  tuberculin  and 
pyocyaneus  toxin  (Gartner  and  Roemer)  ;  and  further,  the  experiments 
of  Bouchard,  Charran,  and  Gley,  which  show  that  bacterial  extracts — 
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e.  g.,  of  the  pyocyaneus — contain  certain  substances  capable  of  dimin- 
ishing the  excitability  of  the  vasodilator  centers  and  others  capable  of 
acting  in  the  opposite  way. 

Investigations  on  the  production  of  anemia  by  the  action  of  bacterial 
toxins  which  would  interest  us  here  are  still  scanty.  Fischl  and 
Adler  observed  a  case  of  se\'^ere  anemia  in  which  shortly  before  death  a 
streptococcus  was  found  in  the  blood.  From  the  general  behavior  of 
the  case  the  investigators  drew  the  conclusion  that  the  entire  condition, 
which  lasted  about  three  months,  was  a  septicemia  characterized  prin- 
cipally by  the  severe  anemia.  They  tested,  therefore,  the  toxic  proper- 
ties of  the  isolated  coccus  by  intravenous  injection  into  rabbits  of  sterilized 
bouillon  cultures  which  contained  the  toxin  of  the  cell-bodies  as  well  as 
the  metabolic  products.  The  result  was  a  rapid  diminution  in  the 
number  of  blood-corpuscles  within  a  few  days  (from  6,000,000  to 
1,300,000  in  seven  days).  Similar  observations  were  made  by  Finkel- 
stein  in  a  case  of  hemorrhagic  diathesis  in  a  newborn  child.  In  this 
case  shortly  before  death  an  extraordinarily  small  number  of  red  blood- 
discs  were  found,  some  of  which  were  very  pale  and  stained  poorly, 
others  were  completely  washed-out  shadows.  After  staining  with 
carbol-fuchsin,  diplostreptococci,  which  proved  on  culture  to  be  true 
streptococci,  were  found  botli  free  in  the  blood,  and  especially  in  the 
decolorized  blood-discs.  E.  Grawitz  observed  a  case  of  very  acute 
streptococcus  infection  in  which  the  destructive  effect  of  the  strepto- 
coccus toxin  produced  an  enormous  erythrocytolysis,  so  that  after  the 
course  of  a  few  hours  only  300,000  red  blood-corpuscles  were  foimd  in 
a  previously  healthy  woman.  Bianchi-Mariotti,  with  this  end  in  view, 
tested  the  effect  of  typhoid,  cholera,  anthrax,  and  pyocyaneus  bacteria, 
and  found  that  the  amount  of  hemoglobin  invariai)ly  decreased  after 
the  injection  of  tlieir  metabolic  products,  and  tliat  this  decrease  seemed 
to  hold  a  direct  relation  to  the  amount  of  the  injected  substance. 

These  observations  are  primarily  of  value  only  in  explanation  of 
the  hemoglobinemic  process,  though  from  them  it  is  possible  to  con- 
clude that  the  bacterial  toxins  in  much  smaller  doses  may  constitute  the 
princii)al  factor  on  account  of  their  association  with  the  fever,  which 
has  itself  an  anemic  effect. 

[Recent  investigations  in  hemolysis  have  shown  that  a  great  variety 
of  toxic  products  of  bacteria  and  other  organic  poisons  are  ca])able  of 
disorganizing  the  blood  and  causing  severe  grades  of  anemia. — Ed.] 

Turning  to  those  diseases  which  experience  shows  lead  especially 
frp(iuently  to  anemic  conditions,  one  is  attracted  first  to  the  diseases  of 
the  digestive  organs. 
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We  may  say  that  every  disease  of  the  digestive  tract,  when  it 
is  not  entirely  too  sliji;ht,  is  associated  with  deterioration  of  the  blood. 
Catarrhs  and  the  diiierent  infianimations  of  the  stomach  and  intestine, 
ulcus  ventriculi  and  duodeni,  chronic  constipation,  acute  and  chronic 
infectious  diseases  in  connection  with  the  digestive  tract,  tumors,  nervous 
gastro-intestinal  affections,  and  finally,  even  hemorrhoids,  are  frequently 
the  cause  of  anemic  conditions.  Apart  from  the  rarer  comjilica- 
tions  of  hemorrhage  and  suppuration,  this  effect  is  produced  principally 
by  disturbances  of  nutrition  and  by  the  elaboration  of  toxins  in  the 
gastro-intestinal  canal. 

The  disturbances  of  nutrition  may  be  partly  caused  by  the  loss  of 
appetite,  which  decreases  the  amount  of  nourishment  ingested.  Still, 
in  addition  in  many  gastro-intestinal  diseases,  the  ingested  nourishment 
is  by  no  means  equivalent  to  the  same  in  health,  for,  in  the  first  place, 
the  transformation  necessary  for  resorption  and  assimilation  is  complete, 
because  the  secretion  of  the  digestive  juices  is  abnormal ;  and,  in  the 
second  place,  resorption  itself  is  markedly  influenced.  ^loreover,  an 
increased  peristalsis  sometimes  sets  in  which  increases  the  disturbances 
of  digestion  and  absorption.  The  result  of  tiiese  factors  is  a  relative 
inanition,  the  significance  of  which,  as  far  as  the  pathogenesis  of  anemia 
is  concerned,  has  been  previously  discussed. 

These  disturbances  are  usually  associated  with  toxic  processes. 
They  are  the  result  of  the  decomposition  of  nutritive  substances  or 
possibly  of  the  secretions  from  the  intestinal  mucous  membrane.  The 
investigations  are  yet  too  few  to  say  with  certainty  w^hether  a  deteriora- 
tion of  the  blood  can  be  brought  about  by  a  defective  excretion  and 
consequent  absorption  of  the  normal  products  of  decom])osition,  or 
whether  the  noxious  substances  are  elaborated  during  abnormal  decom- 
position of  the  ingesta.  Vanni  did  some  experimental  work  in  this 
direction  by  ])roducing  an  artificial  coprostasis  in  dogs  and  rabbits.  He 
found,  when  the  fecal  stasis  was  continued  only  a  few  days,  a  constant 
diminution  of  the  number  of  blood-corpuscles,  though  almost  no  change 
in  the  amount  of  hemoglobin.  From  this  Vanni  drew  the  conclusion 
that  the  toxins  absorbed  on  account  of  fecal  stasis  exercised  a  hemolytic 
effect. 

Similar  views  are  held  by  a  large  number  of  investigators  who 
defend  the  intestinal  origin  of  chlorosis.  They  consider  that  not  only 
is  the  circulating  blood  modified  in  its  composition,  but  blood  formation 
itself  is  interfered  with  by  this  intestinal  auto-intoxication.  The  argu- 
ments for  this  view  ai'e  based  principally  on  the  undeniable  effects  of 
laxatives  in  certain  cases  of  chlorosis,  though  on  account  of  the  fre- 
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quent  failure  of  tliis  method  of  treatment,  they  are,  to  say  the  least, 
very  weak.  On  the  whole,  it  may  be  said  that  there  is  as  yet  too  little 
positive  material  on  intestinal  auto-intoxication  from  which  to  make  a 
hypothesis  of  the  origin  of  anemia. 

(For  the  significance  of  the  atrophic  processes  of  the  intestinal  walls 
in  the  pathology  of  anemia,  see  the  section  on  Progressive  Pernicious 
Anemia.) 

In  addition  to  the  gastro-intestinal  diseases,  there  are  others  with 
which  anemia,  even  severe  anemias,  are  frequently  associated.  Among 
these  may  be  mentioned  syphilis.  While  ignoring  for  the  present 
whatever  etiologic  role  syphilis  may  play  in  Biermer's  anemia,  the 
writer  must  insist  that  in  all  its  stages  it  is  capable  of  producing  ordi- 
nary anemia.  Grassi  and  Laache  and  many  others  have  accurately 
studied  these  relations.  From  their  observations  it  appears  that  even 
the  primary  symptoms  may  be  associated  with  a  pure  anemia,  though, 
as  a  rule,  the  blood  remains  unaltered  in  this  stage.  Secondary  syphilis 
shows  a  diminution  in  the  number  of  blood-corpuscles  and  the  per- 
centage of  hemoglobin  much  more  frequently,  and  this  condition  con- 
tinues as  long  as  the  syphilitic  symptoms  are  active.  Still,  the  severest 
forms  of  anemia  are  encountered  in  the  tertiary  stages  of  syphilis ;  in 
other  words,  in  individuals  who  were  infected  a  long  time  before. 
They  are  frequently  so  severe  as  to  occasion  confusion  with  Biermer's 
anemia,  and  in  the  section  on  Diagnosis  the  writer  intends  to  devote 
special  attention  to  them. 

In  a  disease  the  etiology  of  which  is  not  known,  and  which  is  almost 
completely  closed  to  experimental  investigation,  we  must  trust  to  analo- 
gies with  other  diseases  in  order  to  explain  its  symptoms.  Correspond- 
ing, therefore,  to  our  knowledge  of  other  infectious  diseases,  there  is  at 
present  a  general  tendency  to  attribute  the  anemia  of  syphilis  to  a  specific 
toxin. 

The  origin  of  the  anemic  condition  in  malaria  is  much  more  appar- 
ent. The  direct  destruction  of  enormous  numbers  of  red  blood-cor- 
puscles by  the  specific  parasites  must,  even  in  uncomplicated  cases,  lead 
to  anemia,  provided  the  infection  is  not  recognized  very  early  and  prop- 
erly treated  or  resists  the  therapy.  Among  the  complications  of  malaria, 
blackwater  fever  especially  produces  anemia  of  the  severest  kind  on 
account  of  the  intense  acute  hemolysis.  Further  investigation  may 
possibly  show  that  the  malarial  plasmodia,  in  addition  to  their  power 
of  directly  destroying  the  erythrocytes,  produce  toxic  substances  which 
are  also  capable  of  exercising  an  anemic  t^ffeet. 

A  furtiier  large  group  of  diseases  in  which  we  almost  regularly  find 
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more  or  less  severe  symptoms  of  anemia  are  tumors.  In  the  discussion 
of  the  manner  in  which  a  tumor  influences  the  composition  of  the  blood, 
we  must  naturally  omit  all  peculiarities  and  complications,  for  instance,  a 
tumor  may  be  so  situated  that  it  compresses  an  important  organ — e.  g., 
the  trachea  or  lungs — thereby  producing  disturbances  of  respiration  which 
in  turn  lead  to  alterations  of  the  blood.  Further,  every  tumor  of  the 
bone-marrow  of  any  considerable  size  must  alter  materially  the  compo- 
sition of  the  blood,  even  though  it  is  hematologically  benign.  Finally, 
we  must  leave  out  of  consideration  tumors  like,  for  instance,  those  of 
the  uterus  associated  with  severe  hemorrhages,  and  those  which  in 
their  terminal  stages  exhaust  the  organism  by  ulceration  and  suppu- 
ration. 

Working  from  this  point  of  view,  Bierfreund  examined  a  large 
number  of  cases,  and  furnished  a  considerable  amount  of  valuable 
material.  His  observations  show  that  benign,  uncomplicated  tumors, 
even  when  they  are  characterized  by  rapid  growth  or  considerable  size, 
exercise  no  influence  on  the  composition  of  the  blood  ;  further,  that 
malignant  tumors,  even  when  not  characterized  by  large  size,  special 
localization,  or  any  complication  {e.  g.,  sarcoma  of  the  testicle  or  indi- 
vidual long  bones,  carcinoma  of  the  breast,  etc.),  cause  a  reduction  in 
the  percentage  of  hemoglobin,  which  amounts  on  an  average  to  about 
15  per  cent.  (Fleischl).  Moreover,  when  these  tumors  are  of  consider- 
able size  or  rapid  growth,  even  when  not  associated  with  functional 
disturbances  or  ulcerations,  the  oligochromemia  is  much  more  pro- 
nounced and  the  hemoglobin  loss  is  almost  double  that  of  the  previous 
category. 

Further  observations  of  Bierfrennd's  show  other  differences  charac- 
teristic of  benign  and  malignant  tumors.  He  estimated  the  percentage 
of  hemoglobin  in  cases  of  tumor  previous  to  operation,  and  the  dimi- 
nution produced  by  the  hemorrhage  during  the  operation,  and  noted 
the  period  of  time  required  for  the  return  of  the  hemoglobin  to  its 
former  percentage.  He  found  that  the  regeneration  of  the  blood  after 
operations  on  benign  tumors,  even  when  the  loss  of  blood  was  great, 
required  no  more  time  than  an  equally  severe  uncomplicated  acute  post- 
hemorrhagic anemia,  while  in  the  case  of  malignant  tumors  the  regenera- 
tion was  considerably  prolonged. 

This  difference  between  these  two  varieties  of  tumors  is  so  striking 
that  one  is  justified  in  assuming  that  the  malignant  tumors  exercise  a 
specific  influence  on  the  composition  of  the  blood.  A  similar  difference 
is  found  on  the  investigation  of  the  metabolism  of  tumor  cases,  the 
malignant    tumors    differentiating    themselves    from  the  benign  by  an 
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increased  excretion  of  nitrogen  ;  in  other  words,  by  an  increase  in  albu- 
minous decomposition  (Fr.  Miiller,  G.  Klemperer). 

While  the  etiology  of  tumors  is  obscure,  we  are  forced  to  attribute 
the  anemia  associated  with  maligant  tumors  to  specific  toxins.  It  is 
likewise  obvious  that  these  are  the  cause  of  the  marked  increase  in 
albuminous  decomposition  and  of  carcinomatous  coma  which  mani- 
fests the  classic  picture  of  a  true  general  intoxication,  though  the 
question  still  remains  open  whether  the  anemia  is  the  result  of  increased 
destruction  or  is  produced  directly  by  the  tumor  toxin.  Cases  in  which 
the  tumor  is  small  in  size  and  the  nutritive  condition  is  very  satisfac- 
tory, while  the  anemia  is  very  advanced,  are  not  rarely  observed,  and 
would  seem  to  point  to  the  latter.  In  later  stages  the  injurious  eft'ects 
produced  by  the  destruction  of  the  corpuscles  also  come  into  play. 

Grawitz  endeavored  to  determine  experimentally  the  effect  of  this 
toxin  on  the  blood  by  making  extracts  of  tumors  and  injecting  them 
into  rabbits.  He  found  a  considerable  thinning  of  the  blood,  due  to 
the  taking  up  of  water.  Those  substances  which  produce  in  experi- 
mental animals  a  lymphagogic  effect  on  the  blood,  are  in  patients  appar- 
ently excreted  from  the  tumor  in  small  amounts  and  cause  an  absorption 
of  water  which  dilutes  the  blood.  In  addition  to  the  relative  diminu- 
tion in  hemoglobin  thus  produced,  we  have  the  direct  anemic  effect  of 
the  hydremia.  From  his  experiments  Grawitz  was  able  to  state  that 
the  injected  extracts  did  not  exercise  a  direct  influence  on  the  red 
blood-corpuscles  or  hemoglobin  of  the  rabbit.  Still,  experiments  of 
this  sort  can  not  be  applied  to  human  pathology  on  account  of  the 
immunity  of  experimental  animals  to  cancer.  Ehrlich's  late  investiga- 
tions on  the  action  of  toxins,  and  his  explanation  of  predisposition  by  the 
theory  of  the  specific  side  chains  of  the  cell-protoplasm,  must  warn  us 
from  considering  the  behavior  of  one  species  of  animals  as  applicable 
to  another. 

Though  with  a  better  knowledge  of  the  nature  of  malignant  tumors 
the  explanation  for  the  associated  anemia  will  probably  become  evident, 
the  fact  can  not  be  doubted  that  an  anemia  may  be  the  result  of  an 
uncomi)licated  tumor,  and  that  the  capability  of  producing  a  severe 
anemic  condition  is  intrinsic  to  the  tumor  itself. 

Wc  come  now  to  the  discussion  of  another  large  group  of  parasitic 
diseases  which  frequently  })roduce  anemic  conditions  in  man,  and  in 
which  the  origin  of  the  anemia  is  to  be  attributed  in  the  majority  of 
cases  to  poisonous  substances,  namely,  the  different  forms  of  helmin- 
thiasis. In  the  first  part  of  this  volume  it  was  shown  that  helmin- 
thiasis almost  always   influences   the   morphologic   composition  of   the 
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blood  in  the  way  of  a  marked  eosinophilia  (see  Buckler).  Accord- 
ing to  the  conclusions  expressed  in  another  section,  this  eosinophilia 
demonstrates  that  the  helminthes  are  not  only  locally  irritant,  but  are 
also  capable  of  exercising  distant  and  general  effects  by  the  excretion 
of  soluble  absorbable  substances  which  are  taken  up  by  the  general 
circulation.  Consequently,  in  lieu  of  a  better  explanation,  these  cases 
of  worm  anemia  are  referred  to  the  action  of  toxins.  Since  Reyher,  in 
1886,  first  attributed  to  Bothriocephalus  latus  a  toxic  and  specifically 
destructive  effect  on  the  red  blood-corpuscles,  many  investigators  have 
turned  their  attention  to  this  subject.  For  a  long  time  the  "  reflex 
theory  "  (reflex  stimulation  of  the  nervous  centers)  constituted  the  only 
explanation  of  the  different  disease  symptoms ;  but  now,  corresponding 
to  the  general  advance  in  pathology,  we  advocate  the  doctrine  of  the 
^'  toxic  effect "  of  helminthes.  Moreover,  for  a  large  number  of  worm 
diseases  this  hypothesis  is  supported  by  careful  observations.  The 
reflex  theory  is  naturally  not  entirely  rejected,  but  only  considerably 
limited  in  its  significance. 

Even  Oxyuris  vermicular  is,  which  is  usually  regarded  as  an  irri- 
tating but  by  no  means  dangerous  parasite,  is  not  devoid  of  general 
effects.  This  is  obvious  from  an  observation  of  Buckler's,  who  found 
16  per  cent,  of  eosinophile  cells  in  a  forty -five-year-old  woman,  and 
only  the  presence  of  oxyuris  to  account  for  it.  Positive  observations 
on  the  capability  of  these  worms  to  produce  anemia  have  not  been 
made,  yet  it  is  worth  the  attention  of  pediatrists  to  determine  whether 
certain  anemias  of  children  are  not  due  merely  to  Oxyuris  vermicularis. 

That  Ascaris  lumbrico'ides,  in  addition  to  its  mechanical  irritation, 
produces  and  excretes  toxins  has  been  proved  with  certainty.  Huber 
showed  that  the  body  of  the  ascaris  contains  a  substance  with  a  pungent 
oily  odor.  This  investigator  experienced  once,  after  carrying  out  an 
hour's  macroscopic  and  microscopic  examination  of  fresh  round  wormSj 
a  highly  tormenting  irritation  of  the  head,  neck,  and  hands,  followd  by 
the  development  of  a  severe  urticaria  on  the  neck  and  forehead,  a 
eatarrh  of  the  right  external  auditory  meatus,  and  a  severe  conjunc- 
tivitis. Whether  it  is  this  irritating  substance  which  produces  the 
anemia  associated  with  Ascaris  lumbricoides  we  can  not  state  with  cer- 
tainty, though  it  is  highly  probable.  That  this  parasite  is  the  original 
cause  in  many  cases  of  anemia  is  evident  from  the  reports  of  Baelz, 
who  cjuickly  cured  the  anemias  by  removal  of  the  worms. 

[Solley  reports  a  case  of  ascaris  infection,  with  associated  pernicious 
anemia.  In  another  case  a  marked  eosinophilia  evidenced  the  general 
effects    of  the   parasitic   disease.     A    case    of  ascarides  with  marked 
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anemia  was  reported  from  the  Jenuer  Hospital  at  Berne  (quoted  by 
Cabot),  iu  which  the  red  corpuscles  numbered  2,480,000  before  expul- 
sion of  the  parasites,  and  two  weeks  after  the  expulsion  rose  to 
4,200,000.— Ed.] 

According  to  Peiper,  toxicity  is  likewise  attributable  to  the  echino- 
coccus,  as  might  be  concluded  from  the  many  cases  in  which  urticaria 
occurred  from  contact  with  the  fluid  after  puncture  of  a  vesicle. 
[Sabrazes  ^  reports  7  cases  of  hydatid  cysts  occurring  in  adults. 
Blood-counts  were  obtained  in  4  instances.  In  the  first  the  cyst 
occurred  in  the  liver.  The  red  corpuscles  were  slightly  reduced  in 
number.  There  was  moderate  leukocytosis  with  distinct  eosinophilia 
(1584  per  c.mm.,  instead  of  180  per  c.mm.).  In  the  second  case  the 
cyst  occupied  the  left  lobe  of  the  liver.  After  an  exploratory  puncture 
there  was  slight  fever,  and  during  this  time  the  eosinophilia  did  not 
exceed  1.5  per  cent.  Later,  when  the  temperature  subsided,  the 
eosinophiles  increased  greatly,  the  number  reaching  911  per  c.mm. 
In  the  third  case,  one  of  multiple  cysts,  the  eosinophiles  numbered  694 
per  c.mm.  In  the  fourth  a  cyst  had  occupied  Scarpa's  triangle  for 
fifteen  years.  Local  eosinophilia  was  the  striking  feature.  In  2  other 
cases  of  hydatid  cyst  of  the  liver  the  eosinophiles  numbered  11.81  per 
cent,  and  17  per  cent.,  while  in  the  third  case  they  numbered  4.4  per 
cent, — Ed.]  The  alterations  in  the  blood  attributed  to  the  toxic  effect 
of  trichinae  have  been  thoroughly  discussed  in  the  first  part.  Nothing 
positive  has  been  determined  in  regard  to  the  action  of  these  two 
helminthes  in  the  production  of  anemia. 

Filaria  sanguinis  hominis  and  Distoma  hcematobiiim  are  associated 
with  very  severe  anemic  conditions.  Both  occur  in  the  blood  of  man 
and  produce  severe  hematuria,  chyluria,  and  diarrhea.  Their  anemic 
action  is,  therefore,  sufficiently  explained  without  the  assumption  of 
toxins.  [W.  J.  Calvert^  refers  to  the  occurrence  of  eosinophilia  in  a 
case  of  filariasis.  The  eosinophiles  were  largely  increased  in  the  middle 
of  the  night,  and  the  number  varied  between  3  and  12  percent. — Ed.] 

The  most  accurate  and  successful  investigations  have  been  done 
in  relation  to  Ankylostoma  duodenale.  The  well-known  severe  form 
of  anemia  which  has  been  found  especially  in  brickmakers,  and  has 
since  been  attributed  by  Griesinger  solely  to  Ankylostoma  duodenale, 
has  undoubtedly  a  double  pathogenesis,  in  that  it  is  the  result  of  the 
withdrawal  of  blood  by  the  worm  and  of  toxic  substances  elaborated 
by  it.     It  is  naturally  conceivable  that   in  any  single  case  the  anemia 

^  Milneh.  med.  Woclirnschr.,  March  31,  1903. 
^  Johns  Hopkins  Hosp.  Bull.,  June,  1902. 
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may  be  entirely  due  to  the  hemorrhages  or  to  the  toxic  effects.  Ac- 
cording to  Leichtenstern,  the  first  predominates  in  acute  cases,  the 
second  in  chronic,  though  in  general  an  associated  effect  of  the  two 
factors  must  be  assumed.  That  the  amount  of  blood  drawn  by  the 
parasites  is  not  too  insignificant  to  produce  an  anemia  is  shown  by  the 
post-mortem  reports  of  cases  of  ankylostomiasis,  as,  for  instance,  those 
of  Ernst.  He  describes  the  small  intestine  in  1  case  as  follows  :  "  On 
the  mucous  membrane  of  the  small  intestine  is  an  uncommonly  large 
amount  of  tenacious  mucus  which  shows  here  and  there  throughout  the 
first  meter  a  reddish-brown  color,  in  the  following  meters  a  more  intense 
color,  and  from  tlie  fourth  meter  on  the  intestinal  contents  consist  of  a 
regularly  dark  chocolate-brown  slimy,  fluid  mass,  the  color  of  which  is 
evidently  due  to  blood.  From  the  second  meter  of  the  small  intestine 
to  the  end  numerous  flea-bite-like  ecchymoses  on  the  mucous  mem- 
brane." According  to  Ernst  and  Leichtenstern,  this  hemorrhagic  mass 
seen  in  the  intestine  consists  principally  of  the  evacuations  of  the 
worm,  which  sucks  itself  full  of  blood  at  the  site  of  attachment. 
These  two  investigators  describe  further  microscopic  observations  on 
living  ankylostomata  ;  "  the  gradually  dying  ankylostoma  emits  from 
its  belly  mouth  at  almost  regular  intervals  clouds  consisting  of  red 
blood-corpuscles  similar  to  the  clouds  of  smoke  which  are  emitted  in 
puffs  from  the  smokestack  of  a  locomotive."  According  to  Leichten- 
stern, this  phenomenon  is  observed  especially  in  recent  cases  of  anky- 
lostomiasis which  show  severe  bloody  diarrhea  leading  to  intense  acute 
anemia  and  death. 

[Loeb  and  Smith  ^  have  recently  shown  experimentally  that  the 
ankylostoma  contains  a  substance  which  inhibits  coagulation.  This 
substance  was  found  almost  entirely  in  the  cephalic  portion  of  the  para- 
site. This  may  have  an  important  bearing  on  the  development  of 
anemia. — Ed.] 

That  in  ankylostomiasis  the  anemia  may  be  produced  by  the  acute 
or  subacute  losses  of  blood  is  undoubted  ;  that  it  may  be  produced  by 
the  action  of  toxins  is  practically  established.  Lussana,  in  1890, 
showed  that  a  poisonous  substance  was  excreted  from  the  ankylostoma 
into  the  intestine  of  its  host,  was  absorbed,  and  passed  over  into  the 
urine.  If  an  extract  of  this  urine  was  injected  into  the  circulation  of  a 
rabbit,  an  anemic  condition  was  produced.  As  a  control,  Lussana  re- 
peated the  experiment  with  the  urine  of  the  same  person  after  the 
ankylostoma  had  boon  expelled,  and  showed  that  the  urine  no  longer 
possessed  this  anemic  effect.  Those  experiments  were  later  confirmed 
'  Proceedings  of  the  Philadelphia  Patholor/ic  Society,  June,  1904. 
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by  other  investigators.  (Further  experiments  are  necessary  to  show 
how  much  these  conclusions  lose  in  significance  from  the  recent  investi- 
gations of  Bouchard  and  his  pupils  on  the  toxins  in  normal  urine.) 

The  assumption  of  a  poisonous  action  on  the  part  of  the  ankylo- 
stomata  finds  further  support  in  the  metabolic  experiments  of  Bohland. 
These  showed  a  considerable  increase  in  albuminous  decomposition  as 
well  as  a  considerable  increase  in  the  respiratory  quotient  in  2  cases  of 
ankylostomiasis.  The  pure  post-hemorrhagic  anemias,  as  was  demon- 
strated above  (see  p.  164),  are  not  accompanied  by  an  increase  in  metab- 
olism, while  anemias  due  to  the  action  of  toxins  are. 

[E.  Becker  ^  has  reported  a  case  of  pernicious  anemia  in  which  two 
Taenia  saginatae  were  found  in  the  intestine.  At  first  the  parasites  were 
considered  as  having  no  relation  to  the  anemic  condition,  but  as  there 
was  much  gastro-intestinal  disturbance,  probably  caused  by  the  para- 
sites, he  thinks  it  probable  that  the  anemia  may  have  been  caused  by 
it.  Anemia  has  also  been  observed  in  cases  of  infection  with  tricho- 
cephalus  (Ostrovsky),  strongyloides  (P.  K.  Brown),  and  taenia  solium. 
—Ed.] 

Investigations  on  the  pathogenesis  of  bothriocephalus  anemia  show 
similar  results,  and  the  writer  will,  therefore,  discuss  it  in  this  section, 
though  its  clinical  picture  is  to  be  drawn  in  connection  with  Biermer's 
anemia.  It  was  mentioned  previously  that  the  toxin  theory  of  worm 
anemia  (Reyher)  took  its  origin  from  bothriocephalus  anemia,  and  a 
number  of  the  investigators  (see  Schauman)  at  once  advocated  this 
view.  The  experimental  investigation  of  this  question  was  first  under- 
taken by  Vlajeff,  who  endeavored  to  extract  a  poisonous  substance  from 
the  tapeworms,  but  without  positive  results.  These  were  first  obtained 
recently  by  Schauman  and  Tallqvist.  They  made  extracts  or  similar 
preparations  of  tapeworms  in  salt  solution,  and  demonstrated  on  dogs 
(not  on  rabbits)  that  those  preparations,  both  hypodermically  and  jier  os, 
possessed  pronounced  globulicidal  properties  which  produced  in  the 
animals  experimented  on  a  fatal  anemia.  Following  Ehrlich's  method 
the  investigators  were  able  to  demonstrate  in  test-tubes  the  difference 
between  dog  and  rabbit  blood,  in  that  the  toxin  of  the  tapeworm  pro- 
duced a  laked  appearance  in  the  first,  but  not  in  the  second.  [Regard- 
ing the  effect  of  the  bothriocephalus  upon  the  organism,  Schapiro  and 
Dehio  first  suggested  that  destruction  of  the  parasite  and  decomposition- 
products  resulting  from  the  same  are  the  causes  of  the  anemia,  and 
base  their  opinion  upon  the  finding  of  dead  parasites  in  their  cases. 
Wiltschur  developed  the  same  thought,  and  concluded  from  the  altered 
'  Deutsch.  med.  Wochenschr.,  September  6,  1900. 
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characters  of  the  ova  that  the  parasites  were  in  an  unhealthy  state ;  and 
the  discovery  of  cases  in  which  there  were  ova  but  no  parasites  (Schau- 
man  and  Neubucher)  has  led  to  the  belief  that  the  destruction  and 
absorption  of  the  parasite  is  the  cause  of  the  anemia.  Some  experi- 
ments have  also  been  made  to  show  the  toxic  effects  of  the  parasite  by 
injecting  glycerin  extracts.  The  conclusiveness  of  these  must,  how- 
ever, be  held  as  a  little  uncertain, — Ed.] 

From  these  examples  it  appears  that  helminthiasis  plays  an  extremely 
important  role  in  the  origin  of  anemia,  and  that  in  man  it  is  principally 
toxins  elaborated  by  the  worm  which  are  responsible  for  it. 

Anemia  as  the  Result  of  Intoxication. — It  is  necessary  to 
describe  here,  in  a  few  words,  the  origin  of  simple  anemia  through 
intoxications  in  its  narrow  sense.  The  intoxications,  however,  which 
are  of  the  greatest  hematologic  interest,  namely,  those  produced  by  the 
so-called  "  blood  toxins,"  in  which  the  blood-corpuscles  are  directly 
destroyed  by  the  action  of  the  poison,  will  be  discussed  in  the  section 
on  Hemoglobinemia. 

Among  the  other  poisons,  lead  is  undoubtedly  of  the  greatest  prac- 
tical significance  in  the  origin  of  anemia.  We  speak  frequently  not 
only  of  lead  gout  and  lead  kidney,  but  also  of  "  lead  anemia."  This 
is  justified  inasmuch  as  we  often  find  in  chronic  lead-poisoning  more  or 
less  marked  anemia  (Malassez,  v.  Limbeck).  Still  in  these  conditions 
we  have  to  do  with  no  particularly  characteristic  form  of  anemia  and 
no  direct  anemic  effect  of  the  metal.  The  anemia  is  rather  to  be  re- 
garded as  a  result  of  the  severe  lesions  which,  according  to  Kussmall 
and  Maier,  are  produced  in  the  mucous  membrane  of  the  stomach  and 
intestine. 

Though  seen  less  frequently  in  practice,  arsenic-poisoning  likewise  is 
of  considerable  theoretic  interest.  Arsenic  has  undoubtedly  the  faculty 
of  not  only  acting  directly  on  the  corpuscular  elements  in  the  blood  and 
producing  an  increased  and  more  ra])id  destruction  of  them,  but  also  of 
acting  specifically  on  the  bone-marrow.  According  to  Bettmann,  changes 
are  produced  which  correspond  to  those  of  simple  anemia.  The  anemic 
action  of  arsenic  is,  therefore,  readily  obvious  from  these  two  facts. 
Moreover,  in  the  clinical  picture  of  every  severe  anemia,  especially  pro- 
gressive pernicious  anemia,  we  find  conditions  strikingly  similar  to  those 
in  arsenic-poisoning. 

Other  intoxications  are  of  slight  practical  importance  in  the  origin 
of  anemia.  Though,  for  instance,  anemic  conditions  are  occasionally 
observed  in  connection  with  phosphorus-poisoning,  chronic  alcoholism, 
or  excessive  use  of  tobacco,  these  are  to  be  explained  not  by  any  direct 
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effect  of  the  poison  on  the  blood,  but  as  a  result  of  the  injury  to  other 
vital  organs. 

[Tallqvist '  has  reported  elaborate  exj)eriraental  investigations  into 
the  effect  of  toxic  agents  on  the  blood.  He  employed  pyrogallic  acid 
and  pyridin  as  most  suited  far  his  investigations.  Among  other  results, 
he  found  that  after  the  administration  of  moderate  quantities  of  the 
poison  the  development  of  anemia  ceased  and  the  process  became  sta- 
tionary, or  an  improvement  occurred  unless  the  hemolytic  agent  was 
increased  in  dose.  He  believes  the  explanation  of  this  is  probably  to 
be  found  in  an  increased  hemogenic  function.  The  effect  of  the  poison 
on  the  red  corpuscle  was  twofold  :  first,  causing  a  degenerative  change, 
and  second,  a  great  reduction  in  number.  At  the  same  time  there  was 
a  leukocytosis  of  polymorphonuclear  character  ;  the  eosinophile  cells 
being  reduced  in  number.  The  more  chronic  form  of  experimental 
anemia  had  a  decided  resemblance  to  pernicious  anemia,  especially  with 
respect  to  the  behavior  of  the  hemoglobin  during  the  disease  as  well  as 
during  the  period  of  regeneration. — Ed.] 

SYMPTOMATOLOGY  OF  SIMPLE  CHRONIC  ANEMIA. 

The  Changes  in  the  Blood. — In  the  first  place,  we  take  up  the 
alterations  which  the  blood  itself  undergoes  in  simple  chronic  anemia^ 
since  these  show  most  accurately  the  deviations  from  the  normal. 

As  far  as  the  amount  of  blood  is  concerned,  we  must  be  content 
with  approximations  (see  pages  18  and  19).  In  estimating  this  we 
simply  make  use  of  the  finger-prick,  and  in  accordance  w^ith  the  freedom 
with  which  the  blood  flows  we  speak  of  an  increase  or  decrease  of  the 
entire  blood.  Naturally  it  must  not  be  forgotten  that  marked  variations 
may  be  readily  produced  by  vasomotor  influences  or  individual  differ- 
ences. Still,  frequent  experience  with  this  procedure  teaches  that  the 
amount  of  blood  in  the  la^rge  group  of  simple  chronic  anemias  may  show 
marked  fluctuations,  a  fact  which  is  confirmed  by  ophthalmoscopic  obser- 
vation of  the  quantity  of  blood  in  the  retinal  vessels. 

Still,  even  though  a  simple  readily  manipulated  and  exact  clinical 
method  of  the  estimation  of  the  total  amount  of  Mood  in  the  living  per- 
son were  at  our  disposal,  the  application  of  the  resuhs  so  acquired  to  the 
determination  of  the  severity  or  the  kind  of  anemia  would  be  still  ))rob- 
lematical  ;  for  we  frequently  see  very  severe  anemias  with  an  a])parently 
normal  amount  of  blood  in  the  vessels,  and,  on  the  other  hand,  a  marked 
diminution  of  the  entire  amount  of  l)lood  without  other  characteristic 
anemic  alterations.     This  latter  is  represented  by  the  theoretic  "oligse- 

'  Ueber  Experimentelle  Blutgift  Anaemleen,  Ilelsingfoi-s,  1900. 
14 
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mia  vera"  of  certain  writers  (Stintzing  and  Gumprecht).  Stintzing 
and  Gumprecht  assumed  in  their  cases  a  diminution  of  the  entire  amount 
of  blood,  a  hypoplasia  of  the  blood-tissue,  and  they  were  supported  in 
this  assumption  by  the  general  external  anemia  associated  with  a  normal 
number  of  red  blood-corpuscles,  a  normal  amount  of  hemoglobin,  of 
dry  substance,  etc.  The  theoretic  possibility  of  such  an  occurrence 
can  not  be  excluded,  yet  it  is  more  likely  that  these  cases  fall  under  the 
head  of  "  Vascular  anemia  " — that  is,  merely  an  abnormal  distribution 
of  the  blood. 

The  color  of  the  blood  presented  by  the  drop  issuing  from  the 
finger-prick  can  be  distinguished  from  the  normal  by  the  naked  eye 
only  in  advanced  cases.  In  the  severest  cases  the  blood  appears  not 
homogeneous,  but  like  a  drop  of  yellowish  fluid  in  which  float  reddish 
clouds  in  fine  movement.  This  same  appearance  is  likewise  encoun- 
tered in  the  severe  cases  of  pernicious  anemia.  It  is,  therefore,  charac- 
teristic only  of  a  high  degree,  not  of  any  particular  kind  of  anemia. 

Alterations  in  the  staining  power  of  the  blood  are  much  more 
readily  estimated.  It  is  often  suflicient  for  an  expert  to  observe  a  drop 
of  blood  on  a  piece  of  linen  cloth  to  determine  approximately  the  dimi- 
nution in  hemoglobin.  Still  in  important  cases  we  naturally  seek  a 
more  accurate  expression  of  the  deviation  from  normal,  and  employ 
one  of  the  well-known  instruments  (see  pages  27  and  28).  By  such 
simple  methods  we  are  frequently  in  a  position  to  determine  a  normal 
percentage  of  hemoglobin  in  cases  where  the  whole  appearance  of  the 
patient  would  suggest  an  anemia,  even  of  advanced  degree.  Many 
superfluous  prescriptions  of  iron  are  tluis  avoided  and  the  attention  of 
the  physician  is  directed  to  the  true  condition,  namely,  neurasthenia, 
a  gastro-intestinal  aifection,  or  phthisis. 

The  proof  of  a  simple  anemia  is  based  entirely  on  an  evident  dimi- 
nution of  the  coloring-power  of  the  blood — that  is,  of  the  amount  of 
hemoglobin — as  determined  by  a  sufficiently  accurate  method  supported 
by  control  examinations.  When,  for  instance,  a  normal  percentage  of 
hemoglobin  is  found  after  several  examinations  made  independently  of  one 
another  with  FleischFs  hemometer,  we  are  no  longer  justified  in  speak- 
ing of  an  anemia,  no  matter  how  much  the  external  appearance  of  the 
patient  would  indicate  it.  The  diagnosis  of  the  severity  of  a  simple 
anemia  is  likewise  to  be  determined  by  hemoglobinometry,  secondarily 
bv  other  methods  of  examination  of  the  blood,  and  only  finally  by  the 
general  symptoms.  Hayem  deserves  the  credit  of  being  the  first  to 
consider  the  percentage  of  hemoglobin  as  the  decisive  criterion  of 
anemia,  in  contradiction  to  the  older  views. 
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Looking  over  the  almost  numberless  treatises  on  this  subject — though 
the  writers  confine  themselves  here  to  the  monographs  of  Leichtenstern 
and  Reinert  and  the  investigations  of  Oppenheimer  and  Griiber — we 
find  the  widest  fluctuations  from  the  normal.  The  minima  observed — 
18  per  cent.,  Fleischl  (v.  Limbeck),  and  14  per  cent.  (Stintzing  and 
Gumprecht) — were  in  cases  of  severe  cachexia.  In  fact,  it  is  the 
marantic  conditions  of  malignant  tumors  and  of  chronic  post-hemor- 
rhagic  processes,  in  which  several  causes  act  together,  that  show  the 
lowest  percentages ;  for  instance,  in  malignant  tumors  we  have  the 
action  of  the  specific  toxin,  of  severe  hemorrhages,  and  of  ulceration. 

The  counting  of  the  red  blood=corpuscles,  which  was  considered 
the  most  important  factor  in  the  diagnosis  of  diseased  conditions  of  the 
blood  by  the  older  investigators,  has  lost  value  somewhat  from  the  obser- 
vation of  simple  chronic  anemia.  Cases  of  chlorosis  especially  have  been 
observed  in  which  with  an  almost  abnormal  number  of  red  blood-cor- 
puscles the  percentage  of  hemoglobin  was  considerably  reduced.  This 
disproportion  between  the  amount  of  hemoglobin  and  the  number  of 
corpuscles  always  was  decided  in  chlorosis,  and  from  recent  investiga- 
tions Duncan  and  Griiber  claim  that  this  is  a  characteristic  of  chlorosis 
in  contrast  with  other  anemias  ;  further,  several  of  these  investigators 
even  contend  that  a  corresponding  reduction  of  hemoglobin  and  blood- 
corpuscles  is  a  characteristic  of  non-chlorotic  chronic  anemia.  Still,  it 
has  been  demonstrated  in  the  discussion  of  acute  post-hemorrhagic 
anemia  (see  curve,  Fig.  5)  that  other  anemic  conditions  besides  chlo- 
rosis may  show  a  disproportion  between  the  amount  of  hemoglobin 
and  the  number  of  corpuscles ;  and  further,  that  in  regeneration  the 
restitution  of  the  corpuscles  proceeds  much  more  rapidly  than  that  of 
the  hemoglobin.  Moreover,  among  the  simple  chronic  anemias  we  find 
only  rare  cases  in  which  the  decrease  in  the  red  blood-corpuscles  is  as 
great  as  the  decrease  in  hemoglobin,  though  the  disproportion  is,  as  a 
rule,  not  so  marked  as  in  chlorosis.  From  Laache's  extensive  investi- 
gations in  cases,  for  instance,  of  secondary  anemia  due  to  pulmonary 
tuberculosis,  it  appears  that  the  percentage  of  hemoglobin  is  on  an  aver- 
age reduced  about  22  per  cent.,  the  number  of  blood-corpuscles  about  10 
per  cent.  This  disproportion  was  most  striking  in  Laache's  Case  9,  in 
which  the  blood-corpuscles  were  somewhat  increased  above  the  normal 
average  (5,148,000),  while  the  percentage  of  hemoglobin  was  reduced 
to  about  35  per  cent.  On  closer  investigation,  therefore,  the  principle 
maintained  by  Duncan,  of  a  correspondence  of  these  two  factors  in 
simple  chronic  anemia,  does  not  hold.  In  fact,  the  number  of  red 
blood-corpuscles  can  be  normal  even  wlien  a  diminution   in  hemoglobin 
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absolutely  establishes  the  diagnosis  of  anemia.  Still,  the  number  of 
blood-corpuscles  is  usually  decreased,  and  a  diminution  of  50  per  cent,, 
and  even  more,  is  not  rare.  The  most  extreme  case  was  described 
by  V.  Limbeck,  and  no  cause  for  the  anemia  could  be  found  except 
extreme  poverty.  The  patient  (a  female)  showed  on  admission  306,000 
red  blood-corpuscles  per  c.mm.  (It  is  to  be  remarked  that  the 
patient  fully  recovered,  and  after  seven  months  showed  a  corpuscular 
count  of  4,280,000.) 

In  relation  to  the  variations  in  tlie  specific  gravity  and  the  dried 
substance  of  the  blood,  nothing  of  importance  is  to  be  added  to  what 
has  been  ^aid  in  the  general  part.  It  was  there  shown  that  these 
two  factors  proceed  hand-in-hand  (even  though  not  absolutely)  with 
the  percentage  of  hemoglobin,  and  consequently  may  be  utilized  to 
express  the  degree  of  the  anemia.  In  fact,  some  investigators  prefer 
the  estimations  of  these  to  the  direct  estimation  of  hemoglobin,  since 
the  tcchnic  is  attended  with  less  probability  of  error  than  is  that  em- 
ployed in  colorimetry. 

The  relations  between  the  percentage  of  hemoglobin  and  the  specific 
gravity  are  sufficiently  apparent  from  the  tables  of  Hammerschlag  and 
Dieballa  (see  Tables,  p.  30).  A  disproportion  occurs  when  the  anemia 
is  associated  with  albuminuria  and  dropsy,  since  in  this  case  not  only 
are  the  erythrocytes  specifically  lighter,  but  the  specific  gravity  of  the 
whole  blood,  on  account  of  its  increase  in  watery  constituents,  is  dimin- 
ished to  a  greater  extent  (about  4-5  per  cent.)  than  the  percentage 
hemoglobin. 

The  dried  substance  of  the  blood  in  anemic  conditions  has  been 
investigated  especially  by  Stintzing  and  Gumprecht,  Maxon,  and  Bier- 
nacki,  who  determined  that  in  the  condition  which  has  been  described 
as  simple  chronic  anemia,  its  decrease  is  almost  j)roportional  to  the 
degree  of  the  anemia.  The  same  was  found  by  v.  Jaksch  in  regard  to 
the  ])ercentage  albumin  determined  by  the  Kjeldahl  method.  There  is 
no  variety  of  anemia  which  can  be  differentiated  by  a  peculiarity  of  the 
dried  substance,  and  this  fact  teaches  us  that  in  the  large  series  of 
simple  chronic  anemias,  not  different  kinds,  but  only  different  degrees 
of  j)athologic  alterations  are  to  be  differentiated. 

A  few  statistics  from  Stintzing  and  Gumprecht  will  show  the  maxi- 
mum deviations  of  the  dried  substance  from  the  normal  (21.6  per  cent, 
in  men,  19.8  per  cent,  in  women).  The  maxima  in  this  instance  are 
liicewise  to  be  found  in  malignant  tumors — e.  //.,  in  several  cases  of 
gastric  cancer  (in  women).  With  a  hemoglobin  percentage  of  14 
(Gowers),  the  dried  substance  amounted  to  8.6  per  cent. ;  with  15  per 
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cent,  of  hemoglobin  and  1,400,000  blood-corpui^cles,  to  9  per  cent.; 
with  18  per  cent,  of  hemoglobin  and  1,900,000  red  blood-corpuscles,  to 
9.9  per  cent. 

In  regard  to  the  percentage  albumin  of  the  entire  blood,  which 
normally  amounts  to  22.62  per  cent.,  v.  Jaksch  found  as  a  minimum, 
8.46  per  cent,  (dried  substance  =  9.9  per  cent.)  in  an  anemic  with 
carcinoma  ventriculi. 

Only  one  single  physical  method  of  examination  has  recently  shown 
qualitative  differences  in  the  blood  of  etiologically  different  anemias, 
namely,  the  separate  estimation  of  the  specific  gravity  and  of  the  dried 
substance  of  the  blood-serum. 

As  was  mentioned  in  the  first  part,  the  serum  is  characterized  by  a 
notable  constancy  in  its  dried  constituents  in  comparison  with  the  entire 
blood.  This  was  demonstrated  by  Hammerschlag  in  a  series  of  investi- 
gations on  more  than  400  patients.  Nevertheless,  in  the  very  recent 
literature  is  found  a  communication  from  Askanazy,  in  which  he  declares 
that  almost  all  cases  of  anemia  show  an  increase  of  water  in  the 
serum ;  though  Hammerschlag,  v.  Limbeck,  and  Grawitz  insist  that 
there  are  only  isolated  cases  of  simple  anemia  in  which  the  law  of  con- 
stancy of  the  composition  of  the  serum  is  violated.  For  instance, 
Hammerschlag  found  in  a  severe  anemia  of  unknown  origin  a  hemo- 
globin percentage  of  15  (Fleischl)  and  an  erythrocyte  count  of  1,700,000, 
with  the  specific  gravity  of  the  entire  blood  1032.5  and  of  the  serum 
1031  ;  in  other  words,  in  spite  of  the  advanced  anemia,  no  trace  of 
hydremia  in  the  serum  ;  while  in  a  considerably  less  severe  anemia, 
following  hematemesis,  with  25  per  cent,  hemoglobin  and  1,400,000 
corpuscles,  the  specific  gravity  of  the  serum  was  reduced  to  1022. 
Grawitz  also  found  in  post-hemorrhagic  and  post-inanition  anemias  an 
evident  reduction  of  the  specific  gravity  of  the  serum.  The  same  is 
unanimously  asserted  by  all  writers  to  be  true  in  cases  of  nephritis 
associated  with  dropsy,  and  C.  Schmidt  claims  a  diminution  in  the 
albumin  of  the  serum  in  all  conditions  in  which  there  is  a  copious  excre- 
tion of  albumin  by  the  intestine — e.  g.,  dysentery. 

The  question  whether  fluctuations  occur  in  the  percentage  projwrtion 
of  the  different  albuminous  constituents  (all)iimin  and  globulin)  of  tlie 
serum  has,  as  far  as  the  writers  know,  not  been  definitely  determined. 
According  to  v.  Limbeck,  the  normal  fluctuates  within  wide  limits 
(globulin,  16.9-38.2  per  cent. ;  albumin,  G  1.7-83.1  per  cent.);  and  the 
single  case  of  anemia  (its  true  nature  not  further  described)  examined 
by  this  investigator  and  Pick  showed  figures  which  fell  within  these 
limits. 
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[Faville  ^  has  brought  forward  some  evidence  that  there  is  an  aug- 
mentation of  the  proportion  of  globulins  after  hemorrhage. — Ed.] 

The  blood  ash  has  been  frequently  studied  in  anemic  conditions. 
Statistics  relative  to  this  are  found  in  the  much-quoted  older  works  of 
Becqucrel  and  llodier,  as  well  as  in  the  recent  works  of  Biernacki, 
Moraczewsky,  and  Coenen.  Looking  over  the  careful  analyses  of  these 
investigators,  we  find  no  constancy  in  the  results  which  would  justify  us 
in  drawing  conclusions  on  the  pathology  of  anemia.  Becquerel  and 
Eodier  themselves  analyzed  an  immense  number  of  cases,  and  found 
such  contradictions  that,  on  account  of  the  finding  in  a  single  case  of 
chlorotic  blood,  they  are  more  inclined  to  assume  a  considerable  error 
in  technic  than  to  believe  their  own  figures  correct.  It  seems,  indeed, 
as  if  in  hematologic  methods  the  difficulty  and  care  required  stand  in 
inverse  proportion  to  the  value  of  the  results  obtained. 

Becqucrel  and  Rodier  state  that  the  percentage  of  iron  in  anemic 
blood  is  invariably  diminished  proportionately  to  the  degree  of  the 
anemia.  The  normal  average  of  0.565  iron  to  1000  gm.  blood  stands 
in  constrast  to  the  average  of  0.366  obtained  from  30  cases  of  anemia. 
Biernacki,  whose  normal  averages  agree  very  well  with  those  of  the  two 
French  investigators,  states  that  he  found  a  normal  percentage  of  iron 
several  times  in  anemic  conditions,  especially  in  chlorosis. 

The  writer  wishes  to  mention  a  recent  communication  of  Jolles, 
who  investigated  several  cases  of  chlorosis  and  anemia  with  the  aid  of 
his  previously  described  ferrometer.^  The  amount  of  iron  in  the  blood 
is  most  readily  expressed  in  percentages  of  the  normal  ("  ferrometer 
estimation  ")  similarly  to  the  amount  of  hemoglobin.  Jolles  found  in 
2  cases  of  chlorosis  with  70  and  55-60  per  cent,  hemoglobin,  respec- 
tively, ferrometer  estimations  of  76.1  and  61.1  ;  in  other  words,  a 
pronounced  correspondence.  The  serum  was  free  from  iron  in  these 
cases,  as  it  should  be  physiologically.  Yet  2  cases  of  "  anemia " — 
a  more  accurate  description  is  unfortunately  wanting — showed  per- 
centages of  hemoglobin  of  28  and  15,  and  ferrometer  estimations 
of  68.6  and  41.7.  Moreover,  in  these  cases  the  serum  contained 
iron,  though  in  quantities  too  small  to  be  estimated.  It  is  probable 
that  an  important  role  in  clinical  hematology  will  yet  be  played  by  the 
ferrometer. 

According  to  Biernacki,  anemic  blood  is  differentiated  from  normal 

In-  an  increase  in  water,  sodium,  and  chlorin,  while  the  potassium  salts, 

iron,  and  phospliates  are  diminished.      The  reduction  of  potassium  was 

most  marked   in   every  case.     Biernacki's  statements  in  regard  to  the 

^  Arch.  p.  I.  ScL  Med.,  1890,  xiii.  ^  Reichert,  Vienna. 
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percentage  of  phosphorus  and  chlorin  have  been  confirmed  by  Morac- 
zewski. 

The  experiments  recently  done  by  A.  v.  Koranyi  on  the  osmotic  pres- 
sure of  the  blood  and  urine  in  different  diseases,  seem  to  promise  much. 
It  is  not  possible  to  go  into  detail,  yet  it  may  be  stated  in  reference  to 
the  blood,  that  one  result  of  the  investigation  showed  the  lowering  of 
the  freezing-point  of  the  blood  to  be  very  slight  in  the  majority  of  cases 
of  anemia.  Deviations  from  this  occur  only  when  the  anemia  is  com- 
plicated by  disturbances  either  of  respiration  or  of  urinary  secretion, 
conditions  which  are  characterized  by  a  considerable  lowering  of  the 
freezing-point. 

The  coagulability  of  the  blood  and  its  separation  into  serum  and 
coagulum  was  studied  by  Lenoble,  a  pupil  of  Hayem's,  with  the  object 
of  discovering  how  anemic  blood  behaved.  He  found  evident  differ- 
ences in  comparison  with  the  normal  in  severe  cases  of  anemia  and 
chlorosis.  Clotting,  which  normally  took  about  ten  to  twenty  minutes, 
lasted  in  severe  cases  (number  of  blood-corpuscles  less  than  1,000,000) 
on  an  average  from  five  to  ten  minutes.  The  separation  of  the  serum  and 
clot,  which  begins  normally  about  twenty-five  minutes  after  with- 
drawal of  the  blood,  and  terminates  in  four  to  six  hours,  began  in 
isolated  cases  of  sev^ere  symptomatic  anemia  after  ten,  eighteen,  and 
twenty  minutes,  and  terminated  in  thirty-five  minutes,  seventy  minutes, 
and  at  the  latest  in  three  hours. 

Lenoble's  numerous  complete  protocols  demonstrate  that  these  two 
phenomena  of  clotting  and  separation  of  serum  show  a  remarkable 
correspondence  to  the  degree  of  the  anemia.  In  the  section  on  Pro- 
gressive Pernicious  Anemia  the  writer  refers  to  the  differential  diagnostic 
value  of  these  two  factors. 

The  degree  of  alkalinity  of  the  blood  has  been  likewise  frequently 
investigated  in  anemic  individuals.  The  older  literature,  with  its 
innumerable  contradictions,  may  be  entirely  omitted  since  A.  Lowy  has 
shown  the  inadequateness  of  previous  methods,  especially  the  employ- 
ment of  opaque  blood.  L5wy's  method  of  titration  of  the  laked  blood 
has  been  recently  accepted  by  even  the  clinicians  ;  in  fact,  C.  S.  Engel 
endeavored  by  an  especially  constructed  "  alkalimeter "  ^  to  estimate 
the  alkalinity  of  the  blood  from  very  small  amounts  (0.05  c.c),  though 
A.  Lowy  considers  the  results  obtained  by  this  method  to  be  doubtful. 

[The  method  of  Lowy  may  be  described  briefly  as  follows  :  45  c.c. 
of  a  0.2  per  cent,  ammonium  oxalate  solution  are  placed  in  a  50  c.c. 
flask ;  5  c.c.  of  blood  are  added  and  mixed  with  the  oxalate  solution, 

^  Leitz,  Wetzler. 
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whic'li  prevents  coagulatictn  and  lakes  the  blood.  The  mixture  is  then 
tested  with  a  ^  normal  acetic  acid  solution,  using  5  c.c.  of  the  mixt- 
ure for  each  test  and  lakmoid  paper  as  the  indicator.  Neutralization  is 
indicated  by  the  development  of  a  red  zone  at  the  edge  of  a  drop  of 
the  fluid  on  the  lakmoid  j)aper. 

Eniid  has  devised  a  convenient  apparatus  for  clinical  jiurposes,  the 
advantage  of  which  consists  in  the  fact  that  suflficiout  blood  is  obtained 
from  the  ordinary  puncture.  The  blood  is  measured  and  diluted  in  a 
pipet  similar  to  those  used  for  blood-counting,  but  much  larger.  In 
this  50  cm.  of  blood  are  diluted  with  5  c.c.  of  distilled  water.  This 
mixture  is  titrated  with  ^-^  normal  acetic  acid  (1  gm.  acetic  acid  to 
1  Ij.  of  water).     The  indicator  used  is  lakmoid  paper. 

The  normal  alkalinity  of  the  blood  as  determined  by  this  method 
has  varied  between  450  and  500  mg.  of  NaHO,  according  to  Lowy  and 
Engel.  Strauss,  however,  obtained  lower  figures — between  300  and  350 
rag. ;  and  Brandenburg  with  a  slightly  modified  method  found  330  to 
370  mg.  as  normal  limits. — Ed.] 

AVith  this  now  generally  recognized  method,  Lchvy  himself,  among 
others,  examined  several  cases  of  anemia.  AVithout  any  statement  as 
to  the  degree  or  the  variety  of  anemia  he  gives  the  following  figures  : 

In  liealth : 

4-17.68-508. OG  mg.  NaOII  to  100  gm.  blood. 
In  anemia: 

Case  1 :  675.2. 
"     2:  555.2  (with  onlv  11  per  cent,  dried  substance  in  the  blood). 
"     3:  504.48. 
"     4 :  360.0  mg.  NaOH  to  100  gm.  blood. 

K.  Brandenburg  worked  with  the  same  method,  and  found  the 
alkalinity  decreased  in  all  cases  of  anemia  (normal  330  to  370  mg., 
NaOH  to  100  gm.  of  blood) ;  for  instance,  in  a  j)uerperal  case  that  had 
become  very  anemic  during  pregnancy,  212  rag. ;  in  a  case  of  anemia 
])roduced  by  actinomycosis  of  the  abdominal  organs,  202  mg.  Bran- 
denburg found  in  all  cases  the  amount  of  albumin  of  the  blood  dimin- 
ished to  a  corresponding  degree. 

It  is  evident  tliat  these  two  series  of  observations  are  very  con- 
tradictory. Lowy  found  in  3  of  4  cases  a  high  normal  or  increased 
alkalinity  ;  Brandeiil)nrg,  a  decided  decrease.  Lowy  shows  in  1  case 
a  high  alkalinity  with  an  extremely  low  percentage  of  dried  substance ; 
Brandenburg  asserts  on  the  basis  of  his  observations  a  correspondence 
between  the  alkalinity  and  the  dried  substance. 

Tiie.^e  contradictions  demand  further  investigation,  to  which  will 
also  fall  the  problem  of  discovering  the  significance  of  alkalinity  in  the 
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pathology  of  anemias  and  the  relations  between  it  and  the  other  cheinic 
and  physical  properties  of  the  blood. 

[A.  Lumiere,  L.  Lumi^re,  and  H.  Barbier '  have  investigated  the 
value  of  the  titration  method  for  determining  the  alkalescence  of  the 
blood.  They  point  out  that  the  determination  of  alkalescence  by  titra- 
tion gives  uncertain  results,  because  when  any  acid  is  added  in  excess 
and  the  excess  then  determined  by  titration  with  an  alkali,  a  certiiiu 
amount  of  the  acid  remains  in  combination  with  organic  bases,  etc. 
They  propose  a  method  by  which  the  comparison  between  the  weight  of 
blood  and  of  acid  is  observed,  and  in  which  titration  with  iodin  is 
used  instead  of  a  colorimetric  method.  Von  Rigler  ^  has  studied  the 
question  of  the  total  alkalinity  of  the  blood  and  <^f  that  of  tlie  blood- 
serum  in  various  conditions.  He  determined  the  alkalinity  by  Fodor's 
method,  and  found  that  the  blood  in  all  cases  was  able  to  combine  more 
acid  than  the  blood-serum.  He  found  that  the  action  of  micro-organ- 
isms, of  which  he  tested  11  pathogenic  varieties  in  63  experiments, 
was  constantly  in  the  direction  of  a  decreased  alkalinity  affecting  both 
the  total  blood  and  the  serum.  The  reduction  in  alkalinity  was  greatest 
in  cases  of  fatal  infections,  though  not  necessarily  in  the  rapidly  fatal 
forms.  Bermin '  has  contributed  some  observations  on  the  alkalescence 
of  the  bl(jod  as  determined  by  Tscherbakoff''s  modification  of  the  method 
of  Landois,  and  in  12  healthy  persons  he  found  the  alkalescence  0.182 
to  0.218  gm.  of  NaHO.  There  Avas  a  reduction  in  cirrhosis  of  the  liver, 
jaundice,  pulmonary  tuberculosis,  bronchitis,  asthma,  chronic  rheuma- 
tism, chronic  interstitial  nephritis,  malaria,  leukemia,  anemia,  chlorosis, 
diabetes,  gout,  and  obesity.  These  observations  agree  with  those  of 
others,  excepting  that  Peiper  and  Jacob  and  Graeber  found  an  in- 
crease in  alkalescence  in  chlorosis.  Bermin  found  in  9  cases  a  decided 
decrease,  which  increased  in  6  of  them  during  the  administration  of 
iron  in  proportion  to  the  increase  in  hemoglobin  and  the  number  of  red 
corpuscles. 

Dare  has  recently  devised  a  method  and  an  alkalimeter  for  carry- 
ing it  out  which  seems  to  promise  useful  results.  The  instrument  con- 
sists of  a  capillary  tube  (of  a  capacity  of  15  nig.  of  blood)  which,  pass- 
ing through  a  stopper,  fits  in  a  graduated  pijiet,  the  ujiper  end  of 
which  is  expanded  and  has  a  minute  opening  for  the  entrance  of  air. 
A  medicine-dropper,  marked  to  contain  2  c.c.  and  fitted  with  soft 
rubber  tubing,  is  used  to  expel  the  blood  from    the   capillary   pipct. 

1  Arch,  dc  Med.  erperim.,  1002,  xiii.,  6,  p.  791. 
^  Centralbl.  f.  Bakteriol.,  1901,  xxx.,  22-25,  p.  823. 
»  Zeitschr.f.  klin.  Med.,  1900,  p.  365. 
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The  capillary  tube  is  filled  from  a  drop  of  blood  obtained  by  puncture 
and  is  then  placed  in  the  pipet  held  vertically.  The  blood  is  then  forced 
through,  and  into  the  tube  with  distilled  water  from  the  medicine-dropper, 
and  water  is  added  until  the  mixture  reaches  a  point  marked  zero  in 
the  pipet.  The  oj)ening  in  the  pipet  is  covered  with  a  finger  and 
the  blood  and  distilled  water  thorougly  mixed.  The  dropper  is  then 
filled  with  an  acid  reagent  composed  of  tartaric  acid  (Merck)  0.075, 
alcohol  (94  per  cent.)  20  c.c,  distilled  water  q.  s.  ad  200  c.c. 
The  acid  solution  should  be  slowly  added  until  the  absorption  bands  of 
oxyhemoglobin  disappear  from  the  blood  mixture,  the  test  being  made 
with  a  Browning's  pocket  spectroscope.  The  amount  of  acid  solution 
required  is  noted  on  the  scale  of  the  pipet  and  the  alkalinity  can  be 
computed  from  the  following  table  : — 

Scale  of  Equivalents  Computed  from  a  Ba^^is  of  15  mg.  of  Blood  to 
2  c.c.  of  Acid  Solution  (y^^  of  the  Nornmi). 

Milligrams  of  NaOH  to 
C.c.  of  reagents.  lOO  c.c.  of  blood. 

2.6 345  0 

2.4 319.0 

2.2 292.0 

2.0 266.0 

1.8 239.0 

1.6 212.0 

1.4 176.0 

1.2 169.0 

1.0 133.0 

0.8 96.0 

0.6 79.0 

0.4 53.0 

0.2 26.6— Ed.] 

The  anomaly  of  the  blood  which  constitutes  the  essence  of  anemia, 
the  diminution  of  hemoglobin,  is  likewise  visible  in  the  morphologic 
appearance  of  the  red  blood=corpuscles. 

In  order  to  recognize  micro.scopically  a  slight  decrease  in  hemoglobin 
(about  10  per  cent.)  it  is  not  sufficient  to  limit  one's  self  to  the  exami- 
nation of  the  fresh  blood,  but  the  stained  dried  preparations  must  be 
brought  into  service.  We  observe  then,  especially  in  preparations 
stained  with  eosin,  pretty  considerable  differences  in  the  staining  of 
the  red  blood-corpuscles  (see  also  p.  47).  In  the  first  place,  we  see, 
in  addition  to  the  discs,  which  show  by  their  staining  a  normal  amount 
of  hemoglol)in,  much  less  intensely  stained  cells.  In  the  second  place, 
the  })hysiologic  concavity,  which  in  the  normal  red  blood-corpuscle  is 
indicated  by  a  somewhat  greater  transparence,  or  at  most  by  a  complete 
absence  of  central  stain,  becomes  decidedly  more  conspicuous.  The 
less  the  amount  of  hemoglobin  in  the  corpuscle,  the  more  the  coloring- 
matter  is  retracted  from  the  center,  till   in  very  marked  cases  only  a 
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small  stained  ring  surrounded  a  comparatively  large  colorless  disc  is 
left  ("  pessary  forms,"  Litten).  It  must  be  remembered  that  individual 
cells  show  the  impoverishment  in  hemoglobin  to  very  different  degrees, 
and  that  in  the  same  field  erythrocytes  with  a  normal  amount  of  hemo- 
globin may  be  found  alongside  of  extreme  pessary  forms.  The  oligo- 
chromemia  is  naturally  then  to  be  estimated  not  from  the  imjjoverish- 
ment  of  individual  cells,  but  from  a  general  survey  of  the  preparation 
which  notes  whether  the  cells  with  a  normal  amount  of  hemoglobin 
predominate,  or  are  in  the  minority,  or  whether  only  cells  showing  a 
loss  of  hemoglobin  are  to  be  found.  In  high  grades  of  anemia  with  a 
hemoglobin  per  cent,  of  30,  20,  or  under,  we  sometimes  find  not  a 
single  cell  with  a  normal  appearance,  but  pessary  forms  exclusively,  in 
which  even  the  ring  may  take  the  stain  but  feebly  (see  Plate  I.,  Fig.  2). 

PolychromatophUic  or  anemiG  degeneration  is  also  evident  in  the 
blood-discs,  even  in  mild  cases  of  anemia,  though  neither  the  number 
of  degenerated  cells  nor  the  intensity  of  the  degeneration  corresponds 
so  exactly  with  the  degree  of  oligochromemia  as  the  behavior  of  the 
cells  to  stains.  The  anemic  degeneration  may  be  more  pronounced  in 
cases  with  high  percentages  of  hemoglobin  than  in  severe  anemic  con- 
ditions. The  determination  of  the  factors  on  which  these  differences 
are  directly  dependent  by  a  number  of  comparative  examinations  would 
be  in  many  ways  an  important  and  interesting  study. 

Poikilocytosis — i.  e.,  a  deviation  from  normal  size  or  shape — is  a 
symptom  peculiar  to  all  kinds  and  degrees  of  anemia,  and  even  in  mild 
cases  both  forms  of  poikilocytes  are  encountered.  Nevertheless  in 
simple  anemias  the  blood-corpuscles  undergo  changes  in  size  in  only  one 
direction,  namely,  toward  diminution,  never  toward  enlargement. 

Isolated  blood-corpuscles  under  the  normal  average  (about  7.5  [i) 
also  occur  in  normal  blood,  but  in  anemic  blood  they  actually  predomi- 
nate in  number.  In  advanced  cases  of  anemia,  normal  sized  red  blood- 
corpuscles  may  be  entirely  wanting.  The  smallest  red  blood-corpus- 
cles, the  microcytes,  have  a  diameter  of  only  about  2  [i. 

The  changes  in  shape  are  likewise  more  pronounced  the  more  advanced 
the  general  oligochromemia.  In  conditions  showing  very  low  per- 
centages of  hemoglobin  we  may  find  scarcely  a  single  corpuscle  of 
normal  shape,  every  distortion  imaginable  being  evident.  Still,  indi- 
vidual corpuscles  may  show  on  staining  a  normal  amount  of  hemo- 
globin, even  though  they  are  abnormal  in  size  and  shape.  Moreover, 
the  fact  that  the  concavity  remains  in  the  poikilocytes,  goes  to  prove 
their  full  functional  capability  (Ehrlich).      (See  Plate  I.,  Fig.  2.) 

Though  the  morphologic  abnormalities  described  in  the  two  preced- 
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ing  sections  are  upj^urent  in  every  preparation  of  anemic  blood  and  in 
numbers  corresponding  more  or  less  to  the  severity  of  the  disease,  this 
is  not  true  of  the  nucleated  blood-corpuscles.  The  occurrence  of  these 
depends  neither  on  the  severity  of  the  anemia  nor  its  causation — that 
is,  the  manner  of  its  origin.  In  one  form  of  simple  anemia,  namely, 
acute  post-hemorrhagic,  erythroblasts  are  found  in  a  relatively  large 
number  of  cases  and  apparently  with  a  certain  regularity  (see  p.  160). 
In  other  chronic  cases,  however,  their  occurrence,  as  far  as  our  present 
knowledge  is  concerned,  is  absolutely  irregular.  In  the  same  case  they 
may  be  present  one  day  and  absent  the  next  without  any  other  altera- 
tion of  the  blood  or  the  general  condition  ;  and  further,  among  several 
cases  of  anemia  of  equal  severity  and  the  same  etiology,  one  may  show 
nucleated  blood-corpuscles,  the  other  not.  Though,  from  all  that  we 
know  about  the  erythroblasts,  we  must  assume  that  their  appearance  in 
the  blood  is  a  sign  of  increased  reparation  due  to  increased  activity  of 
the  bone-marrow,  we  can  not  say  what  irritant  attracts  them  into  the 
circulation. 

In  sim])le  chronic  anemias  we  encounter,  as  a  rule,  only  one  form 
of  nucleated  red  blood-corpuscles,  namely,  normoblasts  ;  though  in  rare 
cases — ('.  g.,  of  traumatic  anemia — microblasts.  If  in  a  large  number 
of  blood  examinations  now  and  again  a  megaloblast  is  found,  this  is  to 
be  regarded  only  as  an  extremely  rare  exception  which  might  possibly 
be  explained  by  the  further  history  of  the  patient. 

The  behavior  of  the  white  blood=corpuscles  in  simple  anemic  con- 
ditions is  but  little  characteristic  for  the  anemic  process  per  se,  and  is 
almost  always  dependent  on  the  cause  of  the  blood  alteration  or  com- 
plications. In  the  pure  form  of  acute  post-hemorrhagic  anemia  the 
stimulation  of  the  bone-marrow  due  to  the  impoverishment  of  blood  is 
evidenced  by  a  greater  or  less  polynuclear  hyperleukocytosis.  In  the 
simple  chronic  anemias,  however,  the  influences  acting  on  the  white 
blood-corpuscles  are  so  numerous  that  it  is  impossible  to  determine  in 
individual  cases  to  what  degree  the  deviation  from  the  normal  is  depend- 
ent on  the  anemia.  Still,  when  we  compare  a  large  number  of  cases, 
noting  especially  the  analogy  of  erythrocytic  regeneration,  we  are  forced 
to  conclude  that  in  simple  chronic  anemia  also  the  bone-marrow  is 
stimulated  to  increased  work.  We  see  consequently,  in  practically  all 
cases  of  simple  chronic  anemia,  an  increase  in  the  polynuclear  neutro- 
philes,  though  the  extent  of  the  increase  is  very  variable  and  stands  in 
no  relation  to  the  degree  of  the  anemia. 

This  relation  is  best  illustrated  by  the  behavior  of  the  eosinophile 
cellx.     In  simple  chronic  anemias  every  degree  of  eosinophilia  is  en- 
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countered.  If  a  neutrophile  hyperleukocytosis  or  a  marked  general 
increase  in  leukocytes  occurs,  the  percentage  of  acidophiles  may  be  very 
low ;  but  if  the  proportion  of  the  white  to  the  red  blood-corpuscles 
deviates  but  little  from  the  ordinary,  the  number  of  eosinophiles  is,  as  a 
rule,  high  (normal  4  to  G  per  cent.).  When  a  more  marked  eosinophilia 
is  seen,  it  must  be  regarded  not  as  the  result  of  the  anemia,  but  of  other 
specific  causes,  such,  for  instance,  as  helminthiasis. 

In  a  recent  very  careful  study  of  the  blood-plateJets,  van  Emden 
showed  tliat  a  moderate  increase  occurs  in  anemic  conditions,  especially 
chlorosis.  Instead  of  the  normal  number  of  180,000  to  256,000,  he 
found  them  increased  to  558,000,  and  in  one  anemic  child  with  a  splenic 
tumor  to  829,000.  The  increase  in  blood-platelets,  however,  is  by  no 
means  constant,  and  holds  apparently  no  relation  to  the  severity  of  the 
oligochromemia.  As  demonstrated  first  by  Hayem,  a  regular  increase 
in  blood-platelets  is  particularly  evident  in  post-heraorrhagic  condi- 
tions. 

General  Symptoms  and  Symptoms  Manifested  by  Spe- 
cial Organs. — Simple  chronic  anemia,  as  was  shown  in  the  first 
section,  is  extremely  complicated  in  its  pathogenesis,  and  in  regard  to 
many  of  its  important  features  is  still  inexplicable.  The  problem, 
therefore,  of  determining  whether  certain  anatomic  and  functional  altera- 
tions of  the  individual  organs  are  in  any  way  characteristic  of  anemia,  is 
extremely  difficult  and  at  times  impossible.  There  are  two  factors  espe- 
cially which  require  the  most  careful  consideration  before  any  anomaly 
in  the  general  organs  or  tissues  should  be  attributed  to  the  action  of  the 
anemia ;  namely,  first,  whether  these  anatomic  or  physiologic  alterations 
preceded  the  anemic  condition  or  developed  under  its  influence ;  second, 
whether  they  correspond  with  the  anemia ;  in  other  words,  whether  they 
are  the  result  of  the  same  primary  pathologic  processes.  A  criterion  for 
the  solution  of  these  questions  is  found  in  tlie  study  of  the  purest  form 
of  anemia,  namely,  the  acute  post-hcniorrhngic,  and  this  is,  therefore, 
placed  at  the  beginning  of  this  work  ;  though  observations  on  uncom- 
plicated cases  of  chlorosis  are  of  almost  the  same  value  in  this  regard. 

The  alterations  regularly  encountered  in  these  two  diseases  may  be 
justifiably  considered  "anemic"  when  seen  in  other  cases  of  simple 
chronic  anemia.  Nevertheless,  although  the  possibility  can  not  be 
n  'priori  denied  that  certain  anomalies  not  observed  in  acute  post- 
hemorrhagic anemia  or  chhirosis  are  characteristic  symptoms  or  secpielse 
of  the  anemia,  we  must  first  determine  whether  in  a  number  of  cases 
of  chronic  anemia  of  like  patliogenesis  and  severity  they  are  regularly 
or  comparatively  frequently  found,  and,  further,  whether  in  the  case  of 
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causes  which  sometimes  but  not  always  produce  anemia,  they  occur  even 
when  the  blood  is  not  aifected. 

In  the  description  of  the  general  disease=picture  of  simple  chronic 
aiK-mia  \vc  inay  borrow  the  general  features  of  the  description  of  acute 
jK)st-ht'in()rrhagic  anemia. 

Still,  in  the  external  appearance  of  advanced  cases  a  difference  is 
manifested  between  the  two  groups,  inasmuch  as  the  pallor  of  the  skin 
in  acute  anemia  is  rather  whitish  in  contrast  to  the  yellowish  tint  of 
chronic  anemia. 

If  we  compare  acute  and  chronic  anemia  of  equal  severity,  we  find 
that  the  latter  manifests  a  less  pronounced  muscular  weakness — in 
fact,  only  in  very  severe  cases  do  we  see  complete  muscular  exhaustion. 
Nevertheless,  all  conditions,  even  the  slight  ones,  show  a  ready  fatigue 
not  only  of  the  muscles,  but  of  the  nervous  system,  of  the  organs  of 
special  sense,  and  even  of  the  mechanism  controlling  intellectual  activity. 
In  addition  very  many  individuals  manifest  a  marked  oversensitiveness 
and  irritability  of  these  fimctions,  for  which  Immermann  suggested  the 
characteristic  and  generally  adopted  name  of  "  irritable  weakness " 
(  "  re  i  zba  re  Sch  wii  che  "  ) . 

In  considering  the  special  symptomatology  of  simple  chronic  anemia, 
the  writers  will  frequently  refer  to  what  has  been  previously  said  in 
order  to  avoid  repetition.  The  tendency  to  edema  is  usually  more 
pronounced  in  chronic  conditions  than  in  acute,  likewise  the  tendency 
to  hemorrhages.  Since  the  latter  are  the  result  of  alterations  (fatty 
degeneration)  of  the  vessel-walls,  they  usually  occur  only  after  the 
anemia  has  existed  a  long  time.  The  rapid  recuperation  in  acute  cases 
prevents  the  occurrence  of  these  alterations,  and  consequently  of  the 
hemorrhages.  In  chronic  conditions,  however,  we  find  almost  regu- 
larly, hemorrhages  of  every  kind  in  the  shape  of  very  small  foci  in  the 
skin  and  nuicous  membranes,  especially  of  the  mouth,  stomach,  and 
intestine,  in  the  central  nervous  system,  the  retina,  and  the  serous 
membranes.  Since  they  sometimes  lead  to  severe  losses  of  blood  by 
epistaxis,  hematemesis,  etc.,  they  exercise  a  dangerous  counter-effect  on 
the  anemia. 

[Thomas  Houston  '  has  made  some  observations  on  the  edema  of 
anemia  that  are  of  interest  here.  Tlie  absence  of  reduced  weight  in 
anemics  lie  holds  is  due  to  accumulation  of  fluid  in  the  blood  and 
tissues.  Jf  this  were  deducted,  there  would  probably  be  found  the  same 
loss  of  weight  in  anemic  patients  as  in  those  suffering  from  other 
chronic  diseases.     In  the  case  of  anemias,  especially  chlorosis,  the  first 

'  Brit.  Med.  Jour.,  June  14,  1902. 
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step  seems  to  be  a  ridding  of  the  system  of  the  excessive  fluid.  In 
pernicious  anemia  a  gain  in  weight  is  usually  significant  of  an  unfavor- 
able prognosis  when  the  hemoglobin  does  not  at  the  same  time  improve. 
Occasionally,  however,  it  is  the  precursor  of  improvement.  The  edema 
of  anemia,  he  thinks,  results  from  hydremic  plethora. — Ed.] 

The  condition  of  general  metabolism  in  acute  anemia  is  a  criterion 
of  its  state  in  simple  chronic  anemia.  Under  the  complicated  conditions 
present,  to  attribute  the  abnormalities  found  in  individual  cases  of 
chronic  anemia  to  the  anemic  condition  per  se  is,  to  say  the  least,  hasty, 
since  the  unknown  effects  of  a  primary  disease  or  a  complication  may 
be  responsible.  Positive  conclusions  as  to  metabolism  in  anemia  can 
be  drawn  only  from  the  study  of  acute  anemia  and  chlorosis.  From 
these  we  find,  contrary  to  previous  views,  that  there  is  no  anomaly  of 
metabolism  which  can  be  considered  characteristic  of  an  oligochromemia 
or  any  anemic  condition.  The  difficulty  mentioned  above  of  deciding 
whether  symptoms  associated  with  chronic  anemia  are  to  be  considered 
as  due  to  the  anemia  per  se,  is  never  so  evident  as  in  disturbances  of 
the  digestive  tract.  Diseases  of  the  intestinal  tract  and  anemia  very 
frequently  exist  together,  and  the  question,  wliich  of  the  two  is  primary 
and  which  secondary,  can  be  decided  only  rarely  from  the  anamnesis, 
the  subjective  symptoms,  and  the  objective  examination.  Chlorosis,  for 
instance,  is  a  striking  example.  This  is  associated  in  the  majority  of 
cases  with  digestive  disturbances,  and  it  is  frequently  impossible  to  say 
whether  it  is  the  cause  or  the  effect  of  these  disturbances. 

Certain  criteria  are  furnished,  first  by  the  sequelae  of  acute  post- 
hemorrhagic anemia,  and  secondly  by  observations  which  show  that 
certain  gastro-intestinal  disturbances,  though  frequently  seen  in  anemia, 
are  incontestably  of  other  origin. 

The  behavior  of  the  appetite  is  variable,  and  is  undoubtedly  more 
dependent  on  the  primary  disease  or  the  cause  of  the  chronic  anemia 
than  on  the  anemia  itself.  Sometimes  anemic  patients  go  to  meals  with 
a  normal  or  even  increased  appetite,  but  even  then  satiety  quickly  occurs. 
Other  cases  manifest  a  continuous  lack  of  appetite  which  can  not  be 
combated  by  otherwise  effective  appetizers.  It  will  be  shown  later  that 
there  is  no  anomaly  of  secretion  to  explain  this  loss  of  appetite.  It 
may  be  considered,  therefore,  an  associated  symptom  of  the  general 
reduction  of  energy  peculiar  to  anemia. 

The  appetite  is  also  frequently  influenced  by  painful  sensations 
which  are  aroused  by  the  introduction  of  food,  even  so-called  "  light " 
food.  These  painful  sensations  m:iy  be  also  independent  of  the 
introduction    of   food,   certain    areas    being    spontaneously    painful    or 
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especially  tender  to  pressure,  or  a  general  diffuse  sensitiveness  of  the 
whole  gastric  region  may  exist.  We  sometimes  see  very  severe  par- 
oxysms of  cardialgia.  In  such  cases,  according  to  Boas,  we  must  think 
of  slight  losses  of  substance  in  the  mucous  membrane.  In  fact,  the 
pain  may  be  sufficient  to  arouse  the  suspicion  of  an  ulcus  vcntriculi 
even  apart  from  the  sym])tom  oi'  hemorrhage,  when  the  treatment  cor- 
responding to  it  should  be  instituted. 

The  oversensitiveness  of  the  stomach  may  express  itself  besides  in 
an  easily  excited  nausea. 

Exact  investigation  of  the  gastric  functions  in  anemia  shows  a  dimi- 
nution of  the  lit/dmrh/oric  acid  in  but  a  small  number  of  cases  (Rittcr 
and  Ilirsch).  According  to  the  investigations  of  v.  Noorden  and 
others,  the  hydrochloric  acid  is  excreted  in  normal  amounts,  or  is 
even  increased  in  pure  cases  of  chronic  anemia.  All  the  investigators 
(v.  Noorden,  Boas,  and  H.  Herz)  found  the  motor  function  of  the 
stomach  completely  undisturbed.  When  motor  weakness  of  the  stom- 
ach, therefore,  is  found  associated  with  anemia,  this  must  be  attributed 
to  other  causes. 

In  reference  to  the  intestinal  function,  the  material  at  hand  is  very 
scanty.  A  prio7'i,  the  frequent  very  good  nutritive  condition  of  anemics 
would  show  that  marked  disturbances  of  intestinal  activity  can  scarcely 
be  attributed  to  the  anemia  per  se.  v.  Noorden,  to  whom  we  owe  the 
most  inmierous  and  comjilete  investigations  of  this  subject,  demon- 
strated that,  contrary  to  the  generally  received  opinion,  no  diminution 
of  the  intestinal  secretion  exists  even  in  cases  of  advanced  chlorosis. 
Moreover,  he  found  the  fat  in  the  feces  quite  as  completely  broken  up 
as  in  health,  a  proof  of  the  normal  excretion  of  pancreatic  juice. 

Under  the  direction  of  the  same  observer,  Lipmann-Wulf  undertook 
investigations  on  absorption  in  anemia.  He  showed  that  in  severe  cases 
of  chlorosis  the  fat  absorption  may  be  poor,  but  that  in  others  equally 
severe  there  was  no  deviation  from  the  normal. 

The  absorption  of  dry  substances  and  albumin  is,  according  to  v. 
Noorden,  almost  always  normal. 

V.  Noorden  further  criticised  the  assertions  of  previous  writers  that 
an  increase  of  all)uminous  decomposition  was  a  j)eculiarity  of  severe 
anemic  conditions.  His  pupil,  Rethers,  reports  that  pretty  frequently, 
but  by  no  means  regularly,  aromatic  products  of  albuminous  decom- 
position occur  in  very  large  quantities  in  tlie  urine  of  chlorosis. 

The  motor  function  of  the  intedine  is  frequently  diminished  in  anemics, 
and  obstinate  constipation  is  common  to  every  kind  of  anemia ;  in  fact, 
certain  observers  (see  p.  200)  see  in  it  a  direct  effect  of  the  anemia  ;  still 
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we  find  often  enough,  even  in  severe  anemia,  entirely  regular  evacu- 
ations. 

A  further  discussion  of  the  special  symptomatology  of  simple  chronic 
anemia  is  unnecessary  since  it  would  only  be  a  repetition  of  what  has 
been  said  in  relation  to  acute  anemia.  The  writer  wishes  only  to  refer 
to  several  symptoms  which  for  a  time  were  regarded  as  especially  char- 
acteristic of  progressive  pernicious  anemia,  and  which  are  likewise 
found  in  simple  anemias  of  severe  grades,  namely,  retinal  hemorrhages, 
fatty  degeneration  of  the  heart,  degenerative  conditions  of  the  brain 
and  spinal  cord,  and  atrophic  alterations  of  the  stomach  and  intestinal 
mucous  membrane.  The  complete  description  of  these  interesting  alter- 
ations is,  for  evident  reasons,  reserved  for  the  section  on  Progressive 
Pernicious  Anemia.  Nevertheless,  the  writer  must  insist  that  they  are 
by  no  means  peculiar  to  Biermer's  disease,  but  are  also  seen,  even 
though  comparatively  rarely,  in  the  very  severe  forms  of  simple  anemia. 
In  fact,  a  direct  connection  between  the  severity  of  the  anemia  and 
the  occurrence  of  these  degenerations  by  no  means  exists ;  on  the 
contrar}',  we  seem  to  have  to  do  with  differences  in  the  pathogenesis, 
since  of  several  cases  of  equally  severe  simple  anemia  one  will  manifest 
these  symptoms,  the  other  will  not. 

Moreover,  reference  may  be  made  to  the  section  on  Progressive  Per- 
nicious Anemia  for  the  anatomic  findings  in  simple  chronic  anemia, 
among  which  special  importance  can  be  attributed  only  to  the  changes 
in  the  bone=niarrow.  There  is  not  sufficient  material  at  hand  to  say 
with  certainty  how  often  and  under  what  circumstances  the  lymphoid 
transformation  of  the  marrow  of  the  long  bones  takes  place  in  simple 

chronic  anemia. 

DIAGNOSIS. 

The  diagnosis  of  simple  chronic  anemia  can  usually  be  made  from 
the  general  clinical  symptoms ;  still,  on  account  of  the  previously 
mentioned  abnormalities  in  the  distribution  of  the  blood  ("  vascular 
anemia  "),  the  diagnosis  should  be  made  secure  in  any  doubtful  case  by 
estimations  of  the  hemoglobin.  Moreover,  in  all  cases  of  severe  anemia, 
es{)ecially  those  in  which  the  cause  is  not  recognizable,  a  careful  morpho- 
logic examiuation  of  the  l)lood  is  indispensable. 

The  most  important  diagnostic  consideration,  the  differentiation  of 
simple  and  progressive  pernicious  anemia,  will  be  discussed  under  the  lat- 
ter heading  (see  p.  311). 

THERAPY. 

The  treatment  of  simple  chronic  anemia  is  completely  successful  only 
when  its  cause  can  be  found  and  combated.     If  a  definite  etiology  is 
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fouud  in  any  case,  all  treatment  directed  toward  the  anemia  alone  may  be 
omitted  and  the  special  indications  applicable  to  this  case  followed. 

In  cases,  iiowcver,  in  which  the  anemia  continues  after  the  primary 
disease  or  the  cause  of  the  anemia  is  removed,  or  in  cases  of  unknown 
origin,  medical  treatment  must  be  directed  against  the  anemia  itself. 
The  principal  points  in  the  treatment  have  been  indicated  in  discussing 
acute  post-hemorrhagic  anemia. 

Chronic  anemia  requires,  in  the  first  place,  complete  physical  and 
mental  rest,  and  in  severe  cases  this  should  be  obtained  by  even  weeks 
in  bed  and  the  greatest  possible  isolation. 

No  general  })rinciples  of  nutrition  are  specifically  applicable  to 
anemia  since  its  metabolism  is  in  no  way  peculiar.  In  individual  cases 
the  diet  is  determined  by  the  general  nutritive  condition  of  the  patient 
judged  from  the  functional  power  of  the  digestive  organs.  A  special 
preference  is  given  on  the  menu  card  of  every  anemic  to  vegetables, 
especially  green  vegetables  and  fresh  fruit,  and  among  these  we  may 
mention  particularly  spinach,  asparagus,  apples,  and  strawberries  on 
account  of  a  relatively  high  percentage  of  readily  assimilable  iron. 

Climatic  treatment  of  simple  chronic  anemia  is  indicated  in  many 
cases.  As  a  matter  of  fact,  the  requirement  that  work  be  given  up 
completely  can  be  fulfilled  in  no  better  way.  A  sojourn  in  the  moun- 
tains has  often  a  rapid  and  decided  effect  on  the  general  torpidity  of 
anemics,  and  certain  theoretic  investigations  of  late  years  indicates  that 
possibly  the  blood-making  organs  themselves  are  stimulated  by  the  eleva- 
tion. Rol)ust  patients  may  without  fear  sojourn  in  the  mountains  up  to 
2000  meters.  Feeble  patients  will  do  better  at  a  medium  elevation 
(300  to  900  meters).  A  sea  climate,  especially  when  cool  and  dry, 
together  with  sea  baths,  is  a  splendid  stimulant  for  robust  anemics. 

In  cases  that  are  not  too  advanced  hydrotherapeutic  measures  in  the 
shape  of  mild  cold  water  rubbings  and  douches  may  be  employed  ;  still 
it  must  be  remembered  that  anemics  are  very  sensitive  to  severe  cold. 

The  most  important  medicament  in  simple  chronic  anemia  is  iron, 
the  administration  of  which  has  been  thoroughly  discussed  in  the  pre- 
ceding section.  In  every  protracted  or  es]iecially  severe  case  the  iron 
therapy  should  bo  combined  with  general  treatment  as  indicated.  If  it 
is  not  successful  after  four  to  six  weeks,  arsenic  should  be  substituted. 
The  specific  effect  of  arsenic  on  the  formation  of  blood  and  its  method 
of  employment  are  explained  in  the  section  on  Progressive  Pernicious 
Anemia.  The  striking  results  frequently  achieved  by  a  combination  of 
iron  and  arsenic  in  chlorosis  naturally  make  their  combined  use  worthy 
of  recommendation  in  other  anemic  conditions. 


PROGRESSIVE  PERNICIOUS  ANEMIA. 


DEFINITION. 


Bieemer's  celebrated  discourse  in  the  year  1872,  in  which  the 
name  "  progressive  pernicious  anemia  "  was  employed  for  the  first  time, 
constitutes  the  beginning  of  our  knowledge  of  this  subject  and  undoubt- 
edly gave  the  impulse  to  the  numerous  subsequent  investigations  and 
communications.  This  service  of  Biermer's  has  been  generally  recognized 
even  by  those  who  came  forward  after  the  discourse  with  more  or  less 
justifiable  claims  to  priority.  While  referring  for  historic  details  to 
the  excellent  monographs  of  H.  Miiller  and  Eichhorst,  the  writer  would 
like  to  call  attention  to  the  fact  that  Lebert  in  1853,  and  Addison  in 
1855,  described  severe  anemic  conditions  which  they  expressly  diifer- 
entiated  from  others  as  a  special  form  ("  essential  anemia,"  "  idiopathic 
anemia").  Still,  it  was  Biermer's  communications  of  1868  and  1871 
that  first  succeeded  in  making  general  the  knowledge  which  had  up  to 
that  time  been  limited  to  a  few  scientists. 

[Walter  Channing^  first  described  cases  of  severe  anemia  (pernicious 
anemia)  in  association  with  the  puerperal  state  and  diseases  of  the 
uterus ;  and  made  the  condition  familiar  to  New  England  practitioners 
of  his  time. — Ed.] 

On  account  of  its  great  historic  importance  and  its  concise  yet  clear 
description,  the  liberty  is  taken  of  introducing  Biermer's  discourse 
word  for  word.  The  report  in  the  Correspondenzblatt  far  schweizerische 
Aerzte,  Jahrgang  11,  1872,  No.  1,  reads  as  follows  : 

"  Prof.  Biermer  made  a  report  on  a  form  of  progressive  pernicious 
anemia  frequently  observed  by  him  which  is  ordinarily  associated  with 
fatty  processes  in  the  circulatory  apparatus,  and  as  a  result  with  capil- 
lary hemorrhages  in  the  skin,  retina,  brain,  the  meninges,  and  other 
serous  membranes.  Biermer  has  been  investigating  the  peculiarities 
of  this  disease  for  five  years,  and  in  the  autumn  of  1868  gave  a  pre- 
liminary report  at  the  Dresdener  Naturforscherversammlung.  Since 
then  the  number  of  his  observations  has  increased  to  15,  so  that  it 
may  be  said  this  disease  is  not  rare  in  the  Canton  of  Zurich.      It  occurs 

1  iVew  England  Quarterly  Jour,  of  Med.  and  Surg.,  Boston,  1842-43. 
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in  j)o()r  people,  especially  in  women,  at  about  the  thirtieth  year ;  besides 
bad  sanitary  conditions,  the  puerperium  seems  to  play  a  role.  Still,  it 
also  occurs  in  younger  and  older  individuals  of  both  sexes.  The 
youngest  patient  was  a  girl  of  eighteen,  the  oldest  a  man  of  fifty -two. 
Insufficient  and  unsuitable  nourishment,  unsanitary  dwelling  conditions, 
protracted  diarrheas,  sometimes  hemorrhages,  precede  the  disease  and 
seem  to  favor  its  development.  According  to  the  observations  so  far 
made,  the  most  freipient  forerunner  is  chronic  diarrhea  with  or  without 
gastric  disturbances,  (,'hlorosis  seems  to  precede  it  but  rarely,  and  a 
spontaneous  commencement  without  an  evident  etiology  is  likewise 
exceptional.  The  disease  has  no  connection  with  affections  of  the 
spleen  or  with  malaria.  The  only  organic  disease  which  so  far  seems 
to  be  responsible  for  the  origin  of  the  anemia  in  several  cases  is 
follicular  ulceration  of  the  large  intestine. 

"  The  symptoms  are  as  follows:  1.  Anemic-hydremic  appearance. 
Marked  pallor,  emaciation,  but  no  atrophy  of  the  subcutaneous  fat  as 
in  carcinoma  and  phthisis.  Frequently  a  yellowish-white  color  without 
icterus.  In  advanced  stages  slight  edema  of  the  loose  subcutaneous 
tissue  of  the  face,  feet,  and  hands  ;  sometimes  ascites.  2.  The  ordinary 
anemic  nervous  symptoms,  weakness,  vertigo,  palpitation,  etc.  3. 
Digestive  disturbances  with  consequent  complete  anorexia  ;  indigestion, 
sometimes  a  sensation  of  ])ressure  in  the  stomach  ;  frequently  occasional 
diarrhea.  4.  Circulatory  symptoms,  murmurs  over  the  heart  and  ves- 
sels, the  former  so  marked  as  to  give  rise  to  the  suspicion  of  valvular 
defects.  The  murmurs  are  systolic  in  time,  though  once  a  diastolic 
murmur  was  added  to  the  systolic  without  any  valvular  disease  being 
found  post  mortem.  At  the  base  the  systolic  nuirmur  is  usually 
rougher  than  over  the  ventricle,  where  it  is  more  blowing.  The  heart- 
murnuirs  are  not  always  found  from  the  beginning,  but  come  on  during 
the  course  and  become  stronger.  Over  the  cervical  arteries  murmurs 
and  sometimes  fr^missement.  The  latter  once  also  over  the  jugular 
vein,  which  likewise  showed  in  1  case  evident  pulsation,  all  without 
valvular  defects.  When  the  heart  action  is  rapid,  the  beat  diffuse,  and 
the  dulness  enlarged  i)y  a  slight  hydropericardium,  as  repeatedly  hap- 
pens, the  picture  becomes  very  similar  to  that  of  heart  disease,  and  on 
account  of  the  fever  frequently  present  it  may  be  confused  with  endo- 
carditis. Section,  however,  shows  nothing  of  this  kind,  but  only  a 
partial  fatty  degeneration  of  the  heart-muscle.  The  heart  action  is  as 
a  rule  hastened,  the  heart-beat  diffuse,  wavy,  and  feeble.  5.  Fever  is 
uninijwrtant,  tiiough  it  is  observed  transiently  in  almost  all  cases, 
sometimes  very  slight  in  character,  sometimes  more  marked,  but  with- 
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out  special  type  and  short  in  duration.  In  1  case  the  fever  simulated 
typhoid  for  a  time,  and  the  physician  recommended  the  patient  to  be 
isolated.  Ordinarily  the  fever  is  insignificant  and  without  cause,  and 
has,  therefore,  been  briefly  designated  in  the  clinic  as  anemic  fever. 
Prof.  Biermer  conceived  a  humoral  cause  for  the  fever,  though  he  also 
considers  it  possible  that  small  internal  hemorrhages  and  disturbances 
of  digestion  may  be  the  causes.  Evident  local  causes  for  the  fever 
could  not  be  found.  6.  The  retinal  apoplexies  almost  always  found 
are  interesting.  They  were  discovered  even  in  cases  in  which  there  was 
no  subjective  complaint  of  visual  disturbances,  and  in  which  the  visual 
tests  proved  negative.  When  they  were  wanting  in  the  first  stage  they 
usually  appeared  later.  These  retinal  hemorrhages  were  naturally  evident 
post  mortem,  and  were  of  striking  appearance.  7.  Hemorrhages  into  the 
skin,  small  petechise,  were  more  rare.  Hemorrhagic  urine  and  epistaxes 
were  observed  only  once,  albuminuria  very  exceptionally.  8.  Scattered 
capillary  hemorrhages  were  found  in  the  brain  on  the  internal  surface 
of  the  dura  and  in  the  pia  several  times  without  characteristic  symp- 
toms during  life.  One  patient  succumbed  to  a  large  capillary  cerebral 
hemorrhage.  Another  patient  experienced  sudden  pain  in  the  right 
arm  and  leg,  scanning  speech,  right  hemiplegia  (including  face),  but  all 
the  symptoms  disappeared  in  half  an  hour.  Delirium  frequently 
occurred  toward  the   termination  of  life. 

"  The  course  showed  in  all  cases  a  chronic  increase  of  the  anemia 
and  hydremia,  an  appearance  and  augmentation  of  heart  symptoms, 
accidental  capillary  hemorrhages,  hydremic  effusions,  occasional  fever, 
eventual  anorexia,  and  often  diarrhea.  Pneumonia  and  erysipelas  were 
rare  final  complications.  A  fatal  termination  occurred  in  all  cases 
except  one  which  was  somewhat  improved. 

"  On  section  Prof.  Biermer  found,  in  addition  to  the  universal 
anemia,  almost  always  partial  fatty  degeneration  of  the  papillary  mus- 
cles and  the  small  vessels,  which,  on  the  one  hand,  explains  the  heart- 
nuirtuurs,  on  the  other,  the  capillary  hemorrhages.  The  fatty  degener- 
ated pa{)illary  muscles  appeared  spotted  with  yellow  or  marmomted,  and 
the  muscle  of  the  ventricular  wall  and  the  septum  often  showed  a  simi- 
lar appearance.  Marked  degeneration  of  the  cardiac  musculature  was, 
however,  exceptional.  In  the  large  arteries  there  was  nothing  abnormal 
or,  at  most,  very  small  areas  of  fatty  degeneration  of  the  intima,  while 
in  the  small  arteries  of  the  kidneys,  for  instance,  fatty  degeneration 
was  not  uncommon.  Fatty  degeneration  of  the  capillaries,  especially 
of  the  brain,  was  frequent.  Extravasations  of  spider-web  thinness 
found  on  the  internal  surface  of  the  dura  in  3  cases  showed  no  association 


230  PROGRESSIVE  PERNICIOUS  ANEMIA. 

witli  pachymeningitis.  The  speaker,  therefore,  considered  them  hem- 
orrhages dependent  on  the  fatty  metamorphoses  in  the  capillaries.  The 
capillary  apoplexies  of  tlie  brain,  the  retina,  the  epicardium,  and  peri- 
cardium were  also  considered  dependent  on  the  nutritive  disturbances  of 
the  capillary  walls.  Biermer  considers  that  this  last,  as  well  as  the  fatty 
degeneration  of  the  heart-muscle,  is  the  result  of  the  altered  composi- 
tion of  the  blood,  analogously  to  the  fatty  degenerative  processes  so 
frequently  seen  in  the  tissues  after  interruption  of  the  arterial  circula- 
tion.    Liver,  spleen,  and  kidneys  showed  nothing  striking." 

Under  this  symptom-complex,  therefore,  Biermer  comprehended 
essential,  idiopathic,  primary  anemia,  as  well  as  the  anemia  with  known 
etiology  and  pronounced  secondary  character ;  at  least,  in  several  cases 
he  expressly  points  out  an  organic  disease,  follicular  ulceration  of  the 
large  intestine,  as  the  starting-point  of  the  disease.  Insistance  on 
this  is  not  superfluous,  since  recent  writers  have  made  a  separation  of 
progressive  pernicious  anemia  into  primary  and  secondary. 

All  the  investigations  which  since  Biermer's  time  have  been  devoted 
to  progressive  pernicious  anemia,  even  those  which  contest  the  propriety 
of  placing  it  under  a  special  pathologic  head,  are  directly  or  indirectly, 
consciously  or  unconsciously  based  on  Biermer's  communication. 
Through  tliese  the  boundaries  of  progressive  pernicious  anemia  have 
experienced  many  alterations.  At  the  beginning  the  functional  and 
anatomic  disturbances  of  the  heart,  the  fatty  degeneration,  and  the 
retinal  hemorrhages  were  considered  pathognomonic.  Moreover,  after 
the  careful  work  of  clinicians  had  discovered  these  symptoms  both  sepa- 
rately and  together  in  cases  which  could  not  be  differentiated  from  the 
ordinary  secondary  anemias,  other  "specific"  characteristics  of  progres- 
sive pernicious  anemia  were  found,  wliich  were  likewise  dethroned  after 
a  short  time.  Poikilocytosis  (Quincke),  microcytosis  (Eichhorst),  the 
transformation  of  the  fat-marrow  of  the  long  bones  into  lymphoid 
marrow  [Pepper]  (Colmheim),  were  all  found  in  cases  of  simple  anemia 
after  they  had  been  discovered  through  investigations  of  progressive 
pernicious  anemia,  and  were  thus  deprived  of  their  pathognomonic  sig- 
nificance. 

These  experiences  resulted  in  many  observers  (Eichhorst)  determin- 
ing the  diagnosis  of  progressive  pernicious  anemia  from  negative  facts 
alone.  Only  anemias  with  a  progressive  severe  course  advancing  with- 
out complication  to  death,  in  which  the  autopsy  showed  no  organic 
disease  apart  from  that  belonging  to  anemia  per  se,  were  recognized  as 
progressive  pernicious  anemias.  This  conception  is  probably  appro- 
priate to  the  essential  form  of  the  disease,  but  is  contrary  to  the  sense 
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of  Biermer's  definition,  which  comprehended  conditions  originating 
from  or  complicated  witli  an  organic  disease.  Moreover,  on  the  com- 
pletion of  further  observations  a  sharp  distinction  between  the  so-called 
essential  forms  and  those  of  secondary  character  was  found  to  be  forced 
and  untenable. 

A  solid  basis  for  the  definition  of  progressive  pernicious  anemia  was 
first  found  when  the  immense  gap  in  Biermer's  work  was  filled  by  an 
exact  description  of  the  blood-changes.  The  gathering  together  of  the 
separated  members  of  this  group  under  one  head  should  indisputably 
be  credited  to  the  methods  of  studying  the  histology  of  the  blood. 
Several  of  the  blood  alterations  peculiar  to  progressive  pernicious 
anemia,  the  specificity  of  which  will  be  more  accurately  proved  in 
another  section  were,  at  least  in  part,  mentioned  in  the  older  obser- 
vations of  Hayem,  Eichhorst,  Laache,  and  H.  F.  Miiller.  Still  it  was 
Ehrlich's  vvork  that  clearly  defined  them,  and  showed  their  decided  sig- 
nificance for  progressive  pernicious  anemia.  According  to  the  investi- 
gations of  Ehrlich  and  his  predecessors,  a  typical  case  of  progressive 
pernicious  anemia  shows  a  more  or  less  large  number  of  red  blood- 
corpuscles  of  more  than  the  normal  size,  while  in  simple  anemias  the 
erythrocytes  are  normal  in  size  or  smaller.  The  appearance  in  the  blood 
of  raegalocytes  as  well  as  of  their  nucleated  preceding  stages,  indicates 
that  the  regeneration  of  the  blood  no  longer  proceeds  in  a  physiologic 
way ;  in  other  words,  we  have  not  to  do  with  a  mere  increase  of  physio- 
logic regeneration  similar  to  that  observed  in  simple  anemia,  but  the  blood 
formation  itself  loses  its  physiologic  character  throughout  a  greater  or 
smaller  extent  of  the  bone-marrow,  and  following  a  type  which  is  never 
normally  seen  in  adults  simulates  the  formation  of  blood  in  the  embryo. 

These  characteristics,  showing  as  they  do  a  profound  functional 
alteration  in  the  most  important  blood-making  organ,  namely,  iha  bone- 
marrow,  sharply  separate  the  anemias  in  which  they  are  found  from  all 
others.  Moreover,  they  are  so  striking  that  they  demand  a  differentia- 
tion of  the  megalocytic  and  megaloblastic  anemias  from  the  normocytic 
and  normoblastic,  even  though  this  classification  does  not  exactly 
correspond  to  Biermer's. 

Defining  the  boundaries  of  our  subject,  therefore,  we  have  to  do 
with  a  disease  showing  the  characteristics  described  by  Biermer  and 
Ehrlich.  These  will  naturally  be  more  thoroughly  discussed  later. 
Still,  we  must  remember  that  we  arc  not  considering  a  disease  sui  generU, 
but  a  frequently  occurring  syndrome  arising  in  connection  with  very 
different  affections. 
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OCCURRENCE,  CAUSATION,  AND  ORIGIN. 

Since  the  attention  of  physicians  was  first  directed  to  progressive 
pernicious  anemia,  it  has  been  frequently  observed,  and  can  now  scarcely 
be  regarded  as  a  great  rarity.  In  Berlin,  for  instance,  in  the  medical 
wards  of  the  three  large  city  hospitals,  148,000  patients  in  round 
numbers  have  been  treated  within  the  last  ten  years ;  among  these  the 
diagnosis  of  progressive  pernicious  anemia  was  made  274  times,  in 
other  words,  in  about  2  per  cent,  of  all  internal  diseases. 

There  is  undoubtedly  a  variable  predisposition  to  the  disease  in 
different  places.  As  is  well  known,  it  occurs  especially  frequently  in 
Zurich  and  its  immediate  vicinity,  where  Lebert,  Gusserow,  and  Biermer 
collected  their  first  observations.  In  contrast  to  this,  in  Munich  and 
Prague,  according  to  Weigl  and  Klebs,  the  disease  is  very  rare,  so  that 
these  cities  seem  to  possess  a  relative  immunity.  On  what  these  local 
differences  depend  is  at  present  unknown.  Explanations  based  on  differ- 
ences in  nutrition  are  only  the  offspring  of  our  embarrassment,  for  the 
better  conditions  of  life  asserted  to  exist  in  Munich  are  evidently 
not  the  reason,  since  the  disease  is  not  rare  in  individuals  in  the  most 
favorable  material  circumstances. 

From  the  first  large  series  of  statistics  collected  by  H.  F.  Midler, 
it  appeared  that  the  female  sex  was  affected  much  mere  frequently  than 
the  male.  From  more  extensive  monographs  and  personal  observations, 
the  writer  has  collected  240  anamneses  of  progressive  pernicious  anemia 
in  order  to  test  this  assertion.  These  showed  130  female  and  110  male. 
Among  the  previously  mentioned  274  cases  in  the  three  large  city 
hospitals  in  Berlin  (from  the  yearly  reports  of  1887  and  1888  to  1897 
and  1898)  172  were  in  females,  102  in  males,  though  it  must  be  added 
that  tiie  female  divisions  of  these  hospitals  have  somewhat  smaller 
accommodations  than  the  male.  This  large  series  of  statistics,  therefore, 
would  seem  to  confirm  H.  Miiller's  statement  that  females  possess  a 
greater  susceptibility. 

[Til  three  series  of  American  cases  the  preponderance  in  the  male 
sex  contrasts  strikingly  with  German  statistics  : 

Male.  Female. 

Cabot 57  53 

McCrac              \  aq  ia 

McPhaedren     | ^^  ^* 

These  figures  correspond  very  closely  with  the  editor's  own  experience. 
Bristowe  and  Osier  also  found  the  disease  more  common  in  males. 
—Ed.] 

The  (f(/e  at  which  both  sexes  are  most  frequently  affected  comes  in 
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the  so-called  "best  years."     From  the  anamneses  of  the  previously 
mentioned  240  cases,  we  find  : 

In  the  iii-st  decennium 1  case. 

"     "  second  "  22  cases. 

"     "  third  "  61      " 

"     "  fourth  "  67      " 

""  fifth  "  47      " 

"     "  sixth  "  33      " 

"     "  seventh  "  7      " 

"     "  eighth  " 2      " 

Though  the  third  and  fourth  decennia,  therefore,  are  particularly 
exposed  to  the  disease,  old  age  and  youth  are  not  entirely  exempt.  The 
case  mentioned  in  the  first  decennium  was  an  eight-year-old  girl  in 
whom  the  disease  followed  severe  gastro-intestinal  disturbance  (H. 
Miiller).  Monti  and  Berggriin  report  from  the  literature  and  from 
personal  observation,  16  cases  of  progressive  pernicious  anemia  in 
children ;  2  of  these  were  nurslings,  5  were  between  one  and  five 
years  of  age,  and  9  between  five  and  fourteen.  It  is  to  be  remarked, 
however,  that  the  diagnosis  of  progressive  pernicious  anemia  can  not  be 
made  from  the  morphologic  appearance  of  the  blood  in  early  life, 
because  during  this  period  insignificant  diseases  show  deviations  from 
the  normal,  which,  if  observed  in  adults,  would  mean  a  very  serious 
prognosis.  [Robert  Hutchinson  '  has  recently  investigated  the  occurrence 
of  pernicious  anemia  in  childhood,  and  after  stating  that  its  great  rarity 
has  been  noted  by  all  systematic  writers,  quotes  Rotch,  who  found  not 
a  single  case  among  2000  children  below  the  age  of  two  at  the  Infants' 
Hospital  in  Boston.  Hutchinson  himself  searched  the  records  of  the 
Hospital  for  Sick  Children,  Great  Ormond  Street,  for  one  in  vain.  He 
has  collected  from  the  literature  the  cases  published  as  pernicious  anemia, 
11  in  number,  of  which  5  seemed  to  him  probably  genuine. — Ed.]  Of 
the  2  cases  in  tlie  eighth  decennium  that  have  been  recorded,  1  was  a 
man  of  seventy-three,  in  whom  no  definite  cause  could  be  found  (Laaclie), 
the  other  a  woman,  likewise  seventy -three,  who  succumbed  to  a  bothrio- 
cephalus  anemia  (Schauman). 

As  far  as  the  writer  knows,  there  is  no  evidence  in  the  literature  that 
heredifi/  plays  any  role  in  the  origin  of  the  disease.  Tlie  report  by 
Sinkler  and  Eshuer  quoted  in  all  books,  of  3  cases  of  essential  anemia 
in  one  family,  is  so  incomplete  that  it  is  useless.  Schmaltz  quotes  an 
observation  of  Klein's,  who  saw  a  brother  and  sister  succumb  to  prog- 
ressive pernicious  anemia. 

No  characteristic  differences  were  found  as  far  as  the  constitution  of 
>  Lancet,  May  7-14,  1904. 
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the  patient  was  concerned.  Robust  healthy  individuals  seem  to  be  as 
frequently  and  as  severely  attacked  as  the  delicate. 

As  far  as  social  and  hygienic  connections  are  concerned,  the  percentage 
of  those  in  well-to-do  circumstances  is  rather  too  high  than  too  low. 

In  order  to  stud}'  tiie  factors  which  from  the  standpoint  of  our 
present  knowledge  i)lay  a  role  in  the  origin  of  ])rogressive  pernicious 
anemia,  we  will  take  up  first  a  group  of  pernicious  anemias,  in  which 
the  etiology,  even  if  not  the  pathogenesis,  may  be  regarded  as  com- 
pletely explained,  namely,  the  *' bothriocephalus  anemias." 

F.  A.  rioft'mann,  Botkin,  Reyher,  first,  and  later  many  others 
(for  special  literature,  see  Schauman),  drew  attention  to  the  frequent 
occurrence  of  the  bothriocephalus  in  cases  of  progressive  pernicious 
anemia  and  ascribed  to  this  parasite  the  etiologic  role.  The  theory  was 
opposed  by  a  few  investigators  on  the  ground  that  the  occurrence  of 
Bothriocephalus  latus  is  very  frequent,  progressive  pernicious  anemia 
relatively  rare,  and  further  that  patients  sometimes  show  an  enormous 
number  of  worms  (70  to  80)  without  becoming  anemic.  This  fact,  that 
a  disease  excitant  may  occur  in  one  individual  as  a  harmless  parasite 
producing  no  pathologic  symptoms,  is  not  without  analogy.  Pathogenic 
bacteria  (diphtheria  bacilli,  pneumococci,  etc.),  the  virulence  of  which  was 
proved  by  animal  experimentation,  have  been  not  infrequently  found  in 
healthy  living  bodies  without  any  evidence  of  a  pathologic  effect.  The 
most  convincing  ])roof,  however,  of  the  etiologic  significance  of  Bothrio- 
cephalus latus  is  shown  by  the  frequently  observed  rapid  and  complete 
recovery  from  the  severe  anemia  after  removal  of  the  worm. 

The  identity  of  bothriocephalus  anemia  with  progressive  pernicious 
anemia  was  for  a  time  contested  by  many,  among  tlicm  Biermer  him- 
self, but  this  dispute  has  been  recently  settled  by  the  close  resemblance 
of  the  anamnesis  and  post-mortem  reports.  Moreover,  since  Schauman 
has  shf)wn  by  careful  microscopic  investigations  that  bothriocephalus 
anemia  possesses  also  the  characteristics  demanded  by  Ehrlich,  we  have 
every  reason  for  designating  bothriocephalus  anemia  as  progressive  per- 
nicious anemia  with  known  etiology. 

Still,  even  when  we  acknowledge  the  fact  that  the  bothriocephalus 
can  produce  a  genuine  progressive  pernicious  anemia,  we  have  not 
determined  how  tlie  worm  acts.  The  statement  that  severe  anemias 
are  found  in  only  a  small  number  of  infected  individuals  has  been  fre- 
quently confirmed.  Moreover,  the  severity  of  the  disease  stands  in  no 
relation  to  the  number  of  worms.  The  infection  itself,  therefore,  does 
not  produce  the  anemia.  Further,  since  the  individual  affected  shows 
no  particular  characteristics  which  can  be  regarded  as  especially  predis  • 
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posing,  we  must  assume  something  else  in  the  behavior  or  in  the  prop- 
erties of  the  parasite  which  transforms  it  from  a  comparatively  harm- 
less inhabitant  of  the  intestine  into  a  highly  dangerous  disease  excitant. 

Among  all  the  theories  so  far  proposed,  the  best  supported  is  that 
which  assumes  that  it  is  not  the  healthy  living  parasite,  but  the  diseased 
or  dead  one  which  proves  so  dangerous  to  its  host.  Schapiro  was  the 
first  to  express  the  conjecture  that  on  disease  or  death  of  the  worm 
poisonous  substances  were  elaborated,  the  absorption  of  which  led  to 
anemia.  With  this  in  view,  Wiltschur  examined  twelve  worms,  the 
removal  of  which  completely  cured  severe  anemias.  "  In  all  cases  the 
worms  were  either  dead,  decomposed,  or  sick.  I  determined  the  presence 
of  disease  from  the  eggs,  which  had  undergone  marked  alterations.  In 
one  case  of  very  severe  anemia  the  removed  worm  was  so  decomposed 
and  emitted  such  a  nauseous  odor  that  in  spite  of  the  carbolic  acid  solution 
in  which  it  was  placed,  it  required  considerable  determination  to  continue 
the  examination.  On  the  ground  of  these  observations  the  assumption 
seems  probable  that  the  bothriocephalus  is  capable  of  producing  severe 
anemia  only  when  sick  or  dead.  Moreover,  the  severity  of  the  disease 
depends  on  the  degree  of  decomposition  ;  in  other  words,  the  amount 
of  such  products  absorbed." 

The  most  weighty  objection  against  this  theory  is  that  severe  anemias 
also  occur  in  cases  in  which  the  parasite  is  found  living  and  fresh  in  the 
intestine.  Yet,  this  loses  in  significance  with  the  observations  of  Schau- 
man,  Neubecker,  and  others,  who  describe  typical  anemias  in  cases  in 
which  no  parasite  was  discovered  either  by  purgation  or  post  mortem, 
though  the  eggs  of  the  bothriocephalus  were  found  in  the  evacuations. 
That  the  worm  itself  must  have  been  present  in  the  intestine  a  short 
time  before  the  appearance  of  the  eggs  in  the  evacuations,  can  not  be 
doubted  therefore.  When  in  spite  of  careful  investigation  no  proglot- 
tides could  be  found  in  the  intestine  (as  has  occurred  in  several  cases), 
we  are  forced  to  the  conclusion  that  the  worm  died  and  was  completely 
absorbed.  Nothing  now  stands  in  the  way  of  the  assumption  that  even 
when  the  parasite  is  living  and  well  an  absorption  of  dead  and  decom- 
posed proglottides  may  occur.  The  objection  against  the  very  clear 
theory  of  Schapiro  and  Wiltschur  is,  therefore,  readily  removed.  [Bard  ^ 
reports  2  cases  of  pernicious  anemia  due  to  bothriocephalus.  In  one 
the  blood-count  showed  1,100,000  red  corpuscles,  7000  white  corpus- 
cles, 30  per  cent,  hemoglobin.  After  remt)val  of  the  parasite  with 
filix  mas  the  red  corpuscles  rose  to  2,800,000  and  tiie  hemoglobin  to 
45  per  cent.  In  the  second  case  the  parasite  was  probably  removed  a 
1  Semaine  Med.,  Juillet  23,  1903,  xxii.  30,  p.  241. 
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year  before.  For  various  reasons,  however,  the  author  believed  this 
case  was  one  of  bothriocephahis  anemia.      It  terminated  fatally. — Ed.] 

As  mentioned  previously,  Schauman  and  Tallqvist  have  brought 
forward  positive  evidence  for  the  theory  of  the  toxic  effect  of  Bothrio- 
cephahis latus.  They  extracted  the  body  of  the  worm  with  salt  solu- 
tion Mild  obtained  a  substance  which  had  a  marked  globulicidal  effect  on 
the  blood  of  dogs.  In  one  case,  for  instance,  it  produced  within  two 
weeks  a  decrease  in  the  nuiul)er  of  blood  corpuscles  from  7,200,000  to 
3,200,000,  not  to  mention  other  symptoms  of  severe  anemia,  such  as 
marked  pallor  of  the  mucous  membranes,  intense  exhaustion,  soft  heart 
murmurs,  etc.  The  autopsy  on  the  animal  which  succumbed  to  exhaus- 
tion, showed  in  addition  to  general  anemia  of  the  organs,  a  marked  iron 
reaction  in  the  spleen  and  liver.  The  investigators  make  no  definite 
statements  as  to  the  morphology  of  the  blood  in  these  experiments. 

Though  it  is  very  desirable  that  these  investigations  be  repeated  in 
large  numbers,  they  furnish  very  definite  evidence  concerning  the  patho- 
genesis of  bothriocephalus  anemia.  It  is  to  be  conjectured  that  the 
parasitic  toxins  demonstrated  by  animal  experiments  can  exercise  their 
hemolytic  effect  on  human  blood,  and  this  continued  destruction  of  blood- 
corpuscles  naturally  leads  to  anemia.  Moreover,  the  fact  that  the  bone- 
marrow,  at  least  in  man,  does  not  respond  as  in  other  losses  of  blood 
by  an  increased  j^roductiou  of  normal  cells,  but  takes  on  the  type  of 
megaloblastic  blood  formation  which  is  abnormal  to  the  adult  organism, 
shows  that  the  parasites  do  not  necessarily  first  produce  anemia,  but 
are  capable  of  acting  directly  on  the  blood-making  organs. 

Our  satisfactory  comprehension  of  the  etiology  of  bothriocephalus 
anemia  becomes  of  considerable  value  in  the  study  of  progressive  perni- 
cious anemia  in  general.  The  observations  on  bothriocephalus  anemia 
are  of  service  in  all  chapters  of  its  pathology,  and  even  in  its  therapy. 
Schauman's  felicitous  and  valuable  work  on  this  subject  is,  therefore, 
of  general  importance.  There  is  no  question  that  clinicians  who  have 
the  opportunity  to  see  bothriocephalus  anemia  frequently  are  in  a  par- 
ticularly favoral)le  position  to  solve  the  burning  questions  of  progressive 
pernicious  anemia  with  an  accuracy  that  could  otherwise  be  obtained 
only  by  animal  experimentiition. 

In  the  first  place,  the  question  is  still  in  dispute  whether  it  is  neces- 
sary or  even  permissible  to  separate  progressive  pernicious  anemia  from 
other  anemic  conditions.  Those  who  scruple  about  this  see  in  progres- 
sive pernicious  anemia  only  a  difference  of  degree.  They  refuse  to 
accept  the  special  designation  "ana?mia  perniciosa,"  and  replace  it  by 
"  anaemia  gravis,"  thereby  rejecting  every  qualitative  differentiation  of 
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Biermer's  anemia  from  simple  chronic  anemia,  of  melagocytic  from 
normocytic.  Though  this  question  will  be  brought  up  in  another 
section,  the  writer  would  like  to  show  here  how  valuable  the  knowl- 
edge of  bothriocephalus  anemia  is  toward  its  solution. 

Schauman  reports  several  cases  which  from  their  general  symptoms, 
the  number  of  blood-corpuscles,  and  the  percentage  of  hemoglobin  can 
not  be  regarded  as  severe,  but  at  the  most  as  moderately  severe  cases  of 
anemia.  In  spite  of  this  they  showed  microscopically  Ehrlich's  char- 
acteristics of  progressive  pernicious  anemia  in  a  most  pronounced  way 
just  as  do  even  very  severe  cases.  The  results  and  observations  in  tlils 
regard  have  yet  to  be  completed,  slight  cases  especially  must  be  examined 
and  accurately  described.  Still  in  the  writer's  opinion  our  present  knowl- 
edge is  sufficient  to  justify  the  conclusion  that  it  is  the  toxin,  and  not 
a  simple  anemia  produced  by  the  worm,  which  causes  the  character- 
istic abnormalities  of  the  bone-marrow ;  that  much  misused  word 
"specific"  is  completely  justified  in  its  application  to  this  effect. 

In  a  recent  work  Grawitz  designates  the  cases  which  are  cured  by 
removal  of  the  worm  as  "  simple  secondary  anemia,"  and  only  those 
cases  which  proceed  to  death  in  spite  of  removal  as  "  true  progressive 
pernicious  anemia."  This  determination  of  the  nature  of  the  disease 
from  the  prognosis  seems  to  the  writer  strained  on  account  of  the 
complete  similarity  of  the  clinical  and  hematologic  pictures.  The  dif- 
ference between  the  two  is  evidently  not  essential,  but  only  one  of 
degree.  The  limit  at  which  the  prognosis  becomes  absolutely  bad  can 
be  definitely  decided  no  more  than  in  any  other  form  of  progressive 
pernicious  anemia  or  simple  anemia.  ^Yhen,  therefore,  in  two  cases  of 
equally  severe  bothriocephalus  anemia,  one  is  cured  and  the  other 
proves  fatal,  there  exists  between  them  the  same  difference  as  between 
two  cases  of  equally  severe  acute  post-heraorrhagic  anemia,  of  which 
one  recuperates  after  the  cessation  of  the  hemorrhage,  while  the  organ- 
ism of  the  other,  especially  as  far  as  the  new  formation  of  blood  is 
concerned,  can  no  longer  produce  the  energy  necessary  for  the  retention 
of  life  or  recuperation.  Moreover,  if  we  accept  Grawitz's  division 
of  bothriocephalus  anemia,  we  must  also  make  a  division  between 
fatal  and  non-fatal  cases  of  post-hem orrhagic  and  other  anemias. 
From  the  cases  published  in  the  literature  the  writers — since  unfortu- 
nately they  have  never  had  the  opportunity  of  personally  observing 
bothriocephalus  anemia — draw  the  conclusion,  therefore,  that  the  bothrio- 
cephalus under  definite,  though  not  yet  fully  understood  circum- 
stances, is  capable  of  causing  an  anemia  which  presents  the  definite 
characters  of  a  Biermer-Ehrlich  anemia.     Moreover,  he  insists  again 
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that  even  the  mild  cases  !>how  a  clinical  and  hematologic  stamp  which 
differentiates  them  from  simple  chronic  anemia. 

Unfortunately  we  must  even  to-day  acknowledge  that  our  experi- 
ences in  regard  to  bothriocejihalus  anemia  constitute  our  entire  positive 
knowledge  in  regard  to  the  etiology  of  progressive  pernicious  anemia. 
From  the  beginning  certain  views  were  stated  as  to  the  cause  of  this 
disease,  but  these  were  based  in  part  on  accidental  occurrences,  from 
\\hich  generalization  proved  unjnstiliable,  or  which  on  more  careful 
study  aroused  serious  question  as  to  whether  the  symptoms  previously 
regarded  as  causal  were  not  simply  associated  or  even  secondary. 

One  group  especially  was  separated  by  all  previous  writers,  namely, 
progressive  pernicious  anemia  foUow^ing  pregnancy  and 
childbirth.  These  cases  are  to  a  certain  extent  historically  important, 
for  even  before  Biermer's  publication  Lebert,  and  especially  Gusserow, 
described  cases  of  severe  anemia  in  pregnant  women  which  to-day, 
after  a  study  of  the  anamneses  and  post-mortem  findings,  we  can 
class  with  progressive  pernicious  anemia  in  spite  of  the  fact  that  no 
thorough  hematologic  examinations  were  made.  [The  cases  described 
by  Channing  in  New  England  in  1842  hav^e  been  referred  to  before. — 
Ed.]  These  cases,  of  which  Eichhorst  was  able  to  collect  29  in  his 
monograph,  can  be  advantageously  divided  into  subclasses  :  1.  Those 
which  suffered  from  severe  inanition  during  pregnancy  on  account  of 
severe  vomiting  and  diarrhea ;  2.  Those  in  which  the  anemia  seemed 
to  have  been  produced  by  hemorrhages  from  the  nose,  varicose  veins, 
etc.,  during  pregnancy,  or  by  severe  loss  of  blood  during  delivery  ; 
3.  Those  in  which  the  pregnancy  ran  its  course  without  disturbances 
of  nutrition  or  hemorrliage,  and  yet  an  anemia  arose  during  pregnancy 
and  progressively  advanced  to  death,  even  after  the  delivery  was 
brought  about  in  the  eighth  month.  The  first  two  subclasses  can  be 
readily  reckoned  with  the  anemias  of  inanition  and  hemorrhage,  but 
in  the  third  a  sj)ecial  infiuence  of  pregnancy  must  be  assumed.  The 
most  likely  conclusion  is  that  pregnancv  leads  to  pernicious  anemia 
through  the  extraordinary  demands  made  by  the  growing  fetus  on  the 
maternal  organism.  Birch-Hirschfeld  refers  the  damage  to  the  blood 
from  products  of  decomposition  arising  from  the  placenta,  which  cause 
first  a  modification  of  the  plasma,  and  this  in  turn  an  injury  to  the 
blood-cells.  I^ebert  sees  the  explanation  in  nervous  influences.  Never- 
theless, on  account  of  the  extremely  small  number  of  cases,  it  is  impos- 
sible to  believe  that  i)regnancy  has  any  specific  power  to  produce  pro- 
gressive pernicious  anemia  or  create  a  predisposition  to  it. 

Moreover,  it  appears  to  the  writers  strange  that  in  the  recent  litera- 


CAUSATION.  239 

ture  we  find  scarcely  any  reports  of  progressive  pernicious  anemia  in  the 
anamnesis  of  which  pregnancy  or  the  puerperinm  played  a  role.  This 
may  be  partly  due  to  the  fact  that  the  symptoms  are  now  so  generally 
known  that  doubtful  cases  are  no  longer  published.  Though  Eichhorst 
in  50  cases  of  progressive  pernicious  anemia  in  females  attributed  29  to 
pregnancy  and  childbirth,  the  writer  can  find  among  26  cases  in  females 
from  his  own  experience  and  from  the  literature  (Grawitz,  Laacke,  Fr. 
Miiller,  Haarth,  Pliimecke,  Dorn,  Koch)  only  a  single  case  in  which 
a  connection  between  the  disease  and  a  previous  pregnancy  could  be 
assumed  (Laache,  Case  9).  The  recent  text-books  on  obstetrics  men- 
tion progressive  pernicious  anemia,  as  far  as  tlie  writer  can  see,  only 
with  regard  to  the  older  works  of  Gusserow  and  others.  Ahlfcld  ex- 
pressly  insists  that  he  never  observed  such  a  case.  Moreover,  the 
majority  of  Eichhorst's  cases  (22)  are  taken  from  the  publications  of 
Swiss  investigators.  This  would  seem  to  indicate  with  considerable 
certainty  that  for  this  frequent  occurrence  of  anemia  during  pregnancy 
in  Switzerland,  especially  in  the  Canton  of  Zurich,  local  influences  were 
responsible,  a  conjecture  which  was  expressed  by  Gusserow  in  his  first' 
publication.  The  nature  of  these  influences  is  absolutely  unknown,  in 
fact,  it  is  possible  that  we  have  to  do  with  temporary  factors.  Still, 
there  is  no  longer  reason  to  consider  certain  cases  of  progressive  per- 
nicious anemia  "  a  special  disease  of  pregnancy "  or  to  attribute  the 
origin  of  the  disease  to  a  particular  influence  of  the  pregnancy. 

[Elder  and  Matthews  ^  report  2  fatal  cases  of  pernicious  anemia 
following  labor.  The  first  case  occurred  in  a  woman  of  twenty-nine 
years,  who  became  severely  anemic  three  weeks  after  a  normal  labor. 
An  abscess  of  the  breast  initiated  the  anemia,  which  was  typical  in  the 
general  features  and  morphology  of  the  blood.  The  second  case  oc- 
curred in  a  woman  thirty-one  years  old  two  weeks  after  her  second 
labor,  which  was  instrumental,  but  unattended  by  severe  hemorrhage. 
Ulceration  of  the  tongue  and  throat  initiated  the  anemia.  The  clinical 
symptoms,  condition  of  the  blood,  and  autopsy  findings  were  typical.  The 
authors  remark  on  the  rarity  of  such  cases  in  recent  literature — Ed.] 

Apart  from  the  special  group  of  pregnancy  anemias  the  cases  of 
progressive  pernicious  anemia  may  be  classified  with  reference  to  their 
etiology  exactly  as  we  classify  simple  chronic  anemia.  We  find  pro- 
gressive pernicious  anemia  frequently  : 

1,  following  repeated  or  long-continued  hemorrhages  ; 

2,  after  poor  nourishment,  bad  sanitiiry  conditions,  overwork,  etc., 
have  destroyed  the  health  ; 

'  Lnvret,  Alls;.  8,  1903,  p.  152. 
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3,  following  otlier  diseases,  especially  of  the  digestive  tract,  syphilis, 
malaria,  or  typhoid  fever. 

Since  the  writers  wish  to  avoid  superfluous  repetition,  they  will  refer 
to  tlie  explanation  which  was  given  in  regard  to  the  action  of  these 
factors  in  the  j)roduction  of  simple  chronic  anemia.  They  showed  there 
that  the  influence  of  these  factors  in  the  production  of  anemia,  though 
it  is  not  to  be  doubted,  requires  further  elucidation.  Still,  since  the 
same  influences  have  been  frequently  observed  in  the  previous  history 
of  progressive  pernicious  anemia,  they  will  state  :  A  progressive  per- 
nicious anemia  may  develop  as  a  result  of  any  influence  capable  of 
producing  a  simj)le  anemia.  [Ralph  Stockman  '  contributed  a  notable 
article  on  the  probable  nature  of  })ernicious  anemia.  According  to  his 
view,  the  pernicious  character  is  brought  on  by  repeated  small  hemor- 
rhages, which  in  turn  result  from  a  fatty  degeneration  of  the  blood-vessels. 
It  is  these  multiple  small  hemorrhages  which,  in  his  opinion,  convert  a 
case  of  anemia  from  a  more  or  less  benign  to  a  malignant  or  pernicious 
character. — Ed.]  "NVe  meet  simple  anemia  in  its  different  stages  with 
a  frequency  corresponding  to  a  certain  extent  to  the  distribution  of  its 
causes,  while  in  comparison  cases  of  progressive  pernicious  anemia  are 
extremely  rare.  We  see  innumerable  cases  in  which  the  health  has 
been  undermined  on  account  of  poverty  develop  simple  anemia  as  a 
consequence,  yet  how  very  few  in  comparison  develop  progressive  per- 
nicious anemia.  The  same  is  true  of  hemorrhages,  and  of  different 
organic  and  constitutional  diseases.  AVhat  other  circumstances  must 
coincide  in  order  that  the  same  causes  which  produce  simple  anemias  by 
thousands  may  lead  to  progressive  pernicious  anemia  ? 

The  answer  most  frequently  given  to  this  question  is,  that  there 
is  only  a  difi'erence  of  degree,  in  other  Avords,  that  progressive  per- 
nicious anemia,  represents  only  the  most  marked  form  of  anemia, 
the  further  augmentation  of  a  simple  anemia,  is  certainly  the  easiest ; 
still,  it  leaves  unanswered  important  objections.  In  the  first  place, 
we  not  infrequently  see  simple  anemias  advancing  to  stages  which 
many  cases  of  progressive  pernicious  anemia  fail  to  reach,  hemo- 
globin percentages  under  20  and  15,  and  blood-corpuscles  under 
500,000.  Nevertheless,  in  spite  of  the  extreme  severity  of  these 
two  symptoms,  the  microscopic  examination  of  the  blood  shows  a 
picture  very  different  from  that  in  even  mihlor  cases  of  progressive 
pernicious  anemia.  Comparing  the  blood-picture  of  extreme  cases  of 
both,  the  diff'erence  between  them  is  so  striking,  as  is  evident  from 
the  special  descriptions  of  the  symptomatology  of  the  blood,  that 
^  Brit.  Med.  Jour.,  1894,  vol.  i. 
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even  the  inexperienced  may  recognize  it.  Both  simple  anemia  and 
progressive  pernicions  anemia  show  different  stages.  We  recognize,  for 
instance,  mild  and  severe  cases  of  simple  anemia,  and  "  mild  " — L  e., 
beginning  and  severe  cases  of  progressive  pernicious  anemia.  Still,  the 
second  can  not  arise  from  a  simple  anemia  merely  by  augmentation  of 
intensity,  and  when  a  progressive  pernicious  anemia  develops  on  the 
soil  of  a  simple  anemia  a  new  disease  is  actually  added. 

The  nature  of  this  process,  however,  is  entirely  unknown.  The 
view  taken  from  the  analogy  with  bothriocephalus  anemia,  that  the 
metamorphoses  of  the  bone-marrow  function  must  be  referred  to  the 
irritation  of  toxic  substances,  lacks  every  support  in  many  cases  of 
"progressive  pernicious  anemia  post  anaemiam  simplicem."  In  expla- 
nation of  progressive  pernicious  anemia  from  simple  anemia,  Stockman 
called  attention  to  the  alterations  found  in  the  capillaries,  especially  of 
the  internal  organs  in  isolated  cases  of  simple  anemia,  and  claimed  that 
the  hemorrhages  resulting  from  this  degeneration  were  the  actual  cause 
of  the  origin  of  the  pernicious  form. 

Syphilis. — In  the  communications  on  progressive  pernicious  anemia 
during  the  last  two  years,  it  is  to  be  remarked  that  in  a  large  number 
of  patients  a  preceding  syphilis  could  be  demonstrated  by  the  history, 
the  clinical  examination,  or  at  the  autopsy.  From  the  material  so  far 
at  hand  it  can  not  be  decided  whether  there  was  a  genetic  connection 
between  the  two  or  only  an  accidental  coincidence.  Even  when  we  omit 
the  older  statistics — in  Eichhorst's  large  collection,  for  instance,  we  dis- 
cover only  one  case  in  which  a  connection  with  syphilis  could  be  con- 
ceived— and  take  up  only  the  recent  ones  from  the  time  of  Fr.  Miiller's 
publication,  when  the  attention  of  clinicians  was  especially  directed  to 
this  point,  we  find  that  the  cases  in  which  syphilis  preceded  an  un- 
doubted progressive  pernicious  anemia  are  by  no  means  common.  On 
account  of  the  extremely  wide  distribution  of  syphilis '  we  must  be 
careful  of  drawing  too  general  conclusions  from  statistics.  At  any 
rate,  a  much  larger  amount  of  material  is  necessary  than  is  at  present 
avaih\ble. 

Moreover,  the  demonstration  of  the  causal  significance  of  syphilis  in 
progressive  pernicious  anemia  "  ex  juvantibus,"  as  has  been  attempted 
in  several  cases  by  Fr.  Miiller,  can  not  be  regarded  as  conclusive. 
Even  though  anti-syphilitic  treatment  improves  a  few  cases,  especially 
as  regards  the  anemia,  improvement  is  so  frequently  seen  after  admis- 
sion to  a  hospital  that  the  influence  of  the  mercury  or  iodids  is  very 

*  H.  Neumann  found  that  among  all  the  patients  of  the  Moabit  Hospital,  in  Berlin, 
at  least  22.4  per  cent,  had  had  syphilis. 
16 


242  PROGRESSIVE  PERNICIOUS  ANEMIA. 

difficult  to  recognize.  Moreover,  Laache  found  in  one  case  in  which 
syphilis  was  evident,  and  in  which  he  considered  a  connection  between 
the  progressive  pernicious  anemia  and  the  syphilis  as  probable,  that 
anti-syphilitic  treatment  was  not  only  not  eifective,  but  even  injurious, 
while  arsenic  was  of  benefit,  as  it  is  in  some  other  cases. 

From  an  etiologic  point  of  view  the  numerous  cases  of  progressive 
])eniici(»us  anemia  in  which  clinical  and  anatomic  disturbances  of 
the  intestinal  tract  are  manifest  deserve  special  attention.  In  the 
discussion  of  simple  anemia  it  was  shown  that  anemia  based  on  digestive 
disturbances  is  to  be  explained  partly  by  the  relative  inanition  and 
partly  by  the  absorption  of  toxic  substances  or  by  a  combination  of 
both.  The  origin  of  the  progressive  pernicious  anemia  by  absorption 
of  toxic  substances  from  tiie  intestinal  canal  is  supported  principally  by 
bothriocephalus  anemia,  and  to  some  extent  by  certain  therapeutic  pro- 
cedures. For  instance,  Sandoz  claims  to  have  "cured"  one  case  of 
progressive  pernicious  anemia  by  continued  washing  out  of  the  stomach, 
Jiirgensen  one  by  energetic  evacuation  of  the  intestine.  Still  the  evi- 
dence of  such  observations  is  only  conditional  on  account  of  the  fre- 
quency of  apparent  cures  when  they  are  only  transitory  remissions. 

[It  is  proper  to  allude  in  this  place  to  the  experimental  investigations 
of  Wm.  Hunter,  which  showed  the  proba])le  gastro-intestinal  origin  of 
toxic  substances  that  cause  the  disease  in  certain  cases.  More  extended 
reference  to  Hunter's  work  will  be  made  elsewhere. — Ed.] 

How  much  importance  in  an  etiologic  way  must  be  attributed  to  the 
atrophic  processes  in  the  gastro-intestinal  wall  will  be  discussed  more 
thoroughly  in  another  section  (see  p.  286).  Here  the  writer  will 
only  say  that  they  seem  to  be  less  the  cause  of  the  anemia  than  coinci- 
dental symptoms  or  even  effects  of  it. 

The  relation  of  tumors  of  the  gastro-intestinal  tract,  especially  car- 
cinoma of  the  stomach,  to  progressive  pernicious  anemia  is  very  differ- 
ent. That  these  tumors  more  frequently  than  anything  else  produce 
the  most  severe  anemic  conditions,  there  is  no  doubt.  The  severe 
cachexia  to  which  a  long-protracted  gastric  cancer  leads,  on  account  of 
its  marked  (li>tiirl)ance  of  nutrition,  its  hemorrhages,  the  production  of 
injurious  fermentation  in  the  stomach,  and  its  own  specific  toxicity,  is 
invariably  associated  with  a  deterioration  of  the  blood  ;  in  fact,  the 
lowest  percentages  of  hemoglobin  and  the  lowest  corpuscular  counts 
have  been  found  in  advanced  cases  of  this  very  kind.  By  far  the  major- 
ity of  these  cases,  however,  show  microscopically  the  evident  character  of 
a  simple  chronic  anemia,  and  further,  the  intensity  of  the  anemia  usually 
stands  in  more  or  less  direct  relation  to  the  decree  of  the  cachexia. 
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True,  in  a  few  very  advanced  cases  we  see  on  repeated  examination  an 
occasional  megalocyte  and  megaloblast,  though  tlie  general  impression 
received  from  the  microscopic  picture  remains  unchanged.  The  car- 
cinoma usually  proves  fatal  before  the  blood  formation  has  assumed  to 
any  considerable  extent  the  megaloblastic  ty})e. 

In  contrast  to  these  may  be  placed  several  rare  cases  which  have 
been  frequently  mentioned  in  the  text-books,  yet  only  rarely  described 
and  given  their  proper  significance.  The  writer  refers  to  those  cases 
which  during  life  run  their  course  under  the  typical  picture  of  a 
Biermer-Ehrlich  anemia,  and  in  which  the  post  mortem  shows,  apart 
from  the  lesions  corresponding  to  the  anemia,  a  gastric  carcinoma  asso- 
ciated with  total  or  partial  atrophy  of  the  gastric  mucous  membrane. 
One  of  these  cases  observed  during  life  by  v.  Noorden,  and  diagnosed 
by  him  as  progressive  pernicious  anemia,  was  examined  post  mortem 
by  O.  Israel.  In  this  case  a  tumor  the  size  of  a  large  cherry-stone, 
which  proved  on  microscopic  examination  to  be  carcinoma,  was  found 
immerliately  below  the  small  curvature  one  and  a  half  inches  from  the 
pylorus.  The  subcutaneous  fat  in  the  body  was  described  as  "  of 
fair  amount"  (ziemlich  reichlich).  The  symptoms  of  the  anemia  had 
been  pronounced  six  months  before  death.  The  writer  has  had  the 
opportunity  of  seeing  two  such  cases.  In  one  (case  H)  he  diagnosed 
progressive  pernicious  anemia  on  the  ground  of  the  clinical  and  micro- 
scopic picture.  To  his  surprise  he  found  at  autopsy  a  ring-sha])ed 
fibrous  carcinoma  of  the  pylorus  without  ulceration  which  had  given 
no  symptoms  during  life.  He  saw  a  short  time  ago  a  further  case 
with  Prof.  Renvers,  who  has  kindly  allowed  him  to  mention  it.  This 
was  quite  similar  to  the  preceding  one ;  clinically  and  microscopically 
a  genuine  progressive  pernicious  anemia,  which  showed  on  section  a 
carcinoma  the  size  of  a  hazelnut  on  the  greater  curvature. 

While  we  see  in  those  cases  (which  require  further  investigation) 
the  association  of  progressive  pernicious  anemia  and  carcinoma  ven- 
tricuii,  death  is  apparently  attributiible  to  the  anemia  on  account 
of  the  extremely  small  size  of  the  tumor  and  the  splendid  condition 
of  nutrition  of  the  ])ati('nt.  Yet  Israel  assumes  in  his  case  that  the 
anemia  must  be  attributed  to  the  tumor  in  spite  of  its  small  size,  since 
this  was  the  source  of  frequently  repeated  hemorrhages.  The  remains 
of  such  hemorrhages  were  still  to  be  seen  microscopically  in  the  neigh- 
borhood of  the  tumor.  Nevertheless,  the  writer  is  still  inclined  to 
believe  that  the  carcinoma  was  secondary  to  the  progressive  pernicious 
anemia,  and  that  the  small  hemorrhages  correspond  to  those  frequently 
encountered  in  different  organs  in  ])rogressive  pernicious  anemia,  though 
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they  certainly  may  have  hastened  the  exitus  in  this  one  case.  [The  edi- 
tor has  observed  a  case  of  typical  pernicious  anemia  in  association  with 
cancer  of  the  stomach  in  Avhich  tiie  clinical  course  seemed  to  indicate 
that  the  anemia  was  undoubtedly  soc(»ndary  to  the  gastric  disease. 
Several  cases  have  been  rept)rtcd  in  which  the  autopsy  showed  metastatic 
lesions  of  the  bone-marrow,  and  associated  with  these  megaloblastic  or 
lymphoid  transformation  of  the  marrow  so  distributed  as  to  suggest 
that  the  cancerous  dei)osits  were  the  direct  cause  of  the  marrow  changes. 
In  the  light  of  these  cases  it  seems  probable  that  cancer  is  one  of  the 
numerous  conditions  that  may  occasion  pernicious  anemia.  Frese* 
reports  a  case  of  metastatic  carcinoma  of  the  bone-marrow  svith  severe 
anemia.  The  primary  growth  was  in  the  stomach,  and  metastases  in 
the  lymph-glands,  lungs,  medulla,  and  pons  were  discovered.  In  a 
second  case  he  also  found  metastases  in  the  bone-marrow,  with  a  blood- 
picture  resembling  that  of  pernicious  anemia. — Ed.]  \V.  Fen  wick  has 
called  attention  to  the  not  uncommon  association  of  atrophy  of  the  stomach 
and  gastric  cancer.  On  the  other  hand,  as  will  be  discussed  later,  there 
is  a  close  connection  between  atrophy  of  the  gastro-intestinal  mucous 
membrane  and  progressive  pernicious  anemia.  The  connection  between 
progressive  pernicious  anemia  and  carcinoma  is,  therefore,  evident. 

From  the  preceding  we  may  conclude  that  the  relations  between 
progressive  pernicious  anemia  and  carcinoma  ventriculi  are  of  two  kinds. 
In  the  first  place,  there  are  cases  of  gastric  carcinoma  in  which  a 
progressive  pernicious  anemia  develops  on  the  soil  prepared  by  the 
severe  cachexia  and  anemia  ;  and  in  the  second,  there  are  cases  of 
progressive  pernicious  anemia  in  which  a  favorable  soil  is  created  for 
the  development  of  a  carcinoma  of  the  stomach  possibly  through  the 
medium  of  the  atrophy  of  the  mucous  membrane.  In  the  latter  cases 
the  carcinoma  usually  produces  no  clinical  symptoms,  as  the  symptoms 
are  at  most  slight. 

Alterations  in  the  bone-marrow  occupy  a  very  special  place 
in  the  etiology  of  progressive  pernicious  anemia.  That  the  almost 
regular  transformation  of  the  fatty  marrow  into  functional  red  lymphoid 
marrow  has  nothing  to  do  with  the  etiology  of  the  disease,  is  at  present 
generally  acknowledged.  Nevertheless  certain  cases  of  severe,  some- 
times pritiuiry,  sometimes  secondary,  metastatic  affections  of  the  bone- 
marrow  have  been  reported  which  resembled  clinically  genuine  progressive 
pernicious  anemia.  Some  of  the  cases,  it  is  true,  were  reported  at  a 
time  when  microscojjy  of  the  blood  did  not  meet  our  present  require- 
ments. Among  these  may  be  mentioned  the  frequently  quoted  cases 
>  Deutach.  Archiv.  f.  klin.  Med.,  Sept.  27,  1900. 


CAUSATION,  245 

of  Lfltten  and  Waldstein  in  which  multiple  foci  of  suppuration  and 
tumor-formation  were  found  throughout  large  areas  of  the  bone-marrow 
with  consequent  alterations  of  it.  Recently,  however,  sev^eral  thoroughly 
investigated  cases  in  which  blood  examinations  were  regularly  made 
over  a  long  period  have  been  reported.  Among  these  may  be  differen- 
tiated two  groups,  the  first  including  a  case  of  sarcomatosis  of  the 
bone-marrow  described  by  Ehrlich  and  P.  Grawitz,  and  Nothnagel's 
well-known  case  of  "  anedenia  ossium."  In  these  two  cases  the  bone- 
marrow  function  was  completely  obliterated  so  that  it  did  not  show 
even  a  megaloblastic  new  formation  of  blood.  In  spite  of  their  close 
clinical  similarity  to  progressive  pernicious  anemia,  the  writers  would 
not  at  the  present  day  be  deceived  on  account  of  the  characteristic 
alterations  of  the  blood  being  absent.  In  the  second  group  may  be  placed 
two  cases,  one  from  v.  Leyden's  clinic,  very  thoroughly  described  in  a 
dissertation  by  G.  Lazarus ;  the  other,  observed  by  I.  Epstein  under  the 
direction  of  Neusser.  On  account  of  the  marked  deviation  of  the 
blood-picture  from  that  of  progressive  pernicious  anemia,  the  clinicians 
made  only  a  conditional  diagnosis  of  Biermer's  disease  in  both  cases, 
and  this  hesitancy  was  confirmed  by  the  autopsy,  in  that  tumor-formations 
were  found  in  the  bone-marrow.  These  extremely  rare  cases,  the 
significance  of  which  has  been  discussed  earlier,  serve  to  explain 
many  contested  points  in  regard  to  the  function  of  the  bone-marrow 
and  the  occurrence  of  lymphoid  metamorphosis,  though  they  contribute 
in  no  way  to  the  etiology  of  progressive  pernicious  anemia. 

In  conclusion,  we  have  still  to  take  up  the  cases  of  progressive  per- 
nicious anemia,  in  the  anamneses  of  which  not  a  single  positive  etiologic 
factor  can  be  found,  and  in  which  the  clinical  examination  and  the 
autopsy  show  no  organic  changes  that  might  be  responsible  for  the 
severe  disease.  These  forms  were  previously  described  as  "  primary  " 
or  "  essential "  ;  in  fact,  some  writers  still  regard  them  exclusively  as 
progressive  pernicious  anemia,  and  consider  their  separation  from  other 
anemic  conditions  both  justifiable  and  necessary.  These  diseases  re- 
mained for  a  long  time  an  enigma  and  gave  rise  to  numerous  theories, 
till  through  the  study  of  bothriocephalus  anemia  we  learned  to  under- 
stand the  origin  of  at  least  one  of  them.  To-day  tlie  majority  of 
authorities  believe  that  on  the  further  advance  of  our  knowledjre  the 
whole  group  will  be  deprived  of  their  designation  "  primary  anemia." 
This  idea  was  appropriately  expressed  by  Birch-Hirschfeld. 

[Hunter  has  recently  advocated  the  infectious  origin  of"  pernicious 
anemia.  He  believes  there  is  a  direct  relation  between  infectious 
(streptococcic)  disease  of  the  tongue  and  upper  alimentary  tract  and 
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pernicious  anemia.  Others  have  failed  to  find  the  conditions  he  describes. 
G.  A.  Charlton,'  however,  has  studied  experimentally  the  effects  of 
chronic  infection  with  the  bacillus  coli  and  reaches  the  following  con- 
clusions : 

"  From  the  above  epitome  of  the  conditions  found  it  will  be  observed 
that  in  these  experiments  there  has  been  developed  a  very  remarkable 
state  of  advanced  anemia.  That  anemia  is  not  quite  comparable  with 
any  of  the  classic  forms  seen  in  man.  In  some  respects  it  is  strikingly 
like  the  condition  of  pernicious  anemia,  namely,  in  the  very  great 
diminution  in  the  number  of  erythrocytes,  the  marked  poikilocytosis, 
and  the  appearance  of  nucleated  red  corpuscles. 

"  As  far  as  I  know  at  the  present  time  no  other  observer  has  pro- 
duced these  striking  conditions.  But,  on  the  other  hand,  it  differs  from 
pernicious  anemia  in  the  fall  of  the  amount  of  hemoglobin  being 
parallel  with  the  decrease  of  the  red  corpuscles ;  in  the  absence  of  a 
distinct  Quincke's  siderosis,  or  increased  presence  of  iron  in  the  livers ; 
in  the  absence  of  any  clear  evidence  of  inflammatory  or  other  disturb- 
ances of  the  digestive  ■  tract,  and  of  well-marked  changes  in  the  bone- 
marrow. 

"  Whether  employment  of  other  strains  of  the  colon  bacillus  would 
lead  to  a  ])icture  more  clearly  resembling  pernicious  anemia,  or  whether 
again  the  employment  of  bacterial  toxins  rather  than  the  pure  attenu- 
ated cultures,  will  give  different  results,  must  be  left  for  future  studies. 
In  the  meantime  I  am  inclined  to  think  that  the  observations  here 
recorded  are  of  a  certain  value,  as  indicating  one  method,  namely,  that 
of  '  subinfection  '  by  the  ordinary  bacterium  of  the  digestive  tract, 
whereby  a  very  definite  grade  of  anemia  may  be  produced." 

These  experiments  were  suggested  by  the  studies  of  Adami^  on 
latent  infection  and  ''  subinfection." — Ed.] 

Kryptogenetic  Pernicious  Anemia. — It  is  not  to  be  doubted 
that  among  them  there  are  several  varieties  which  at  their  base  and 
even  in  their  jiathogenesis  are  very  different  from  one  another,  and 
that  possibly  in  addition  to  intoxication,  infections,  and  nervous  and 
trophic  disturbances,  are  capable  of  producing  the  Biermer-Ehrlich 
symptom-complex. 

Many  investigators  have  pronounced  for  the  infectious  nature  of  kryp- 
togenetic jiernicious  anemia,  or  at  least,  some  of  its  forms  ;  Klebs,  for 
instance,  on  account  of  observing  flagellates  in  the  fresh  blood  in 
advanced  stages  of  the  disease;  Frankenhaiisor  and  Petrone  on  account 
of  leptothrix  forms  found  in  their  cases  ;  Bernheim,  on  account  of  a 

'  Jour,  of  Med.  Research,  viii.,  No.  2.  ^  Jour.  Amer.  Med.  Assoc,  1899. 
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bacillus  found  in  the  blood  in  one  case  post  mortem  ;  Perles,  on 
account  of  small  strongly  refractive  corpuscles  with  active  movement 
which  he  saw  in  the  blood  in  several  cases,  though  he  has  himself 
questioned  their  parasitic  nature.  All  of  these  observations  have  met 
the  same  fate  in  that  after  they  had  been  reported  by  their  discoverers, 
they  were  not  confirmed  either  by  themselves  or  other  investigators. 
Hayem's  warning — not  to  be  deceived  from  the  examination  of  fresh 
blood  in  a  case  of  progressive  pernicious  anemia  by  the  extremelv  lively 
motility  of  the  microcytes — contains  the  essential  criticism  of  the  obser- 
vations just  mentioned. 

With  the  lack  of  physical  grounds  for  a  sufficient  explanation  of  the 
origin  of  progressive  pernicious  anemia,  we  can  not  deny  that  psychic 
influences  may  be  responsible  in  some  cases.  If  we  investigate  the 
previous  history  of  a  patient,  it  is  only  natural  to  assume  that  we  shall 
find  in  the  great  majc^rity  of  cases  some  occurrence  or  other  which  pro- 
duced intense  emotion,  and  which  can  be  brought  into  contemporaneous 
connection  with  the  beginning  of  the  disease.  Curtin,  for  instance, 
reports  the  cases  of  two  female  patients,  who  after  a  sudden  very  severe 
mental  shock,  failed  to  recover,  became  anemic,  and  finally,  four  years 
later  without  further  complication,  succumbed  to  the  anemia.  In  a 
third  patient  with  a  similar  event  in  her  life,  Curtin  describes  only 
the  severe  disease  without  theorizing  on  its  origin.  If,  like  Curtin,  we 
wish  to  find  a  connection  between  the  development  of  the  anemic  con- 
dition and  the  psychic  alteration,  it  is  much  simpler  to  see  the  direct 
cause  of  the  anemia  in  the  disturbances  of  nutrition,  which  frequently 
develop  in  just  such  cases,  than  in  the  completely  unknown  psychic 
influences  on  blood  formation  or  blood  destruction,  for  which  we  have  no 
analogy. 

SYMPTOMATOLOGY. 

ALTERATIONS  OF  THE  BLOOD. 

Biermer's  previous  description  of  the  general  disease-picture  makes 
it  superfluous  to  detail  it  again  unless  we  wish  to  repeat  the  same  thing 
in  other  words. 

In  the  discussion  of  the  special  symptomatology,  the  blood  is  the 
first  thing  that  attracts  our  attention.  It  is  striking  that  in  the  first 
comprehensive  monograph  on  ])rogressive  pernicious  anemia  (H.  Miiller) 
the  description  of  the  alterations  in  the  blood  observed  during  life 
takes  scarcely  more  than  a  secondary  position,  while  to-day  the  hemat- 
ology is  of  the  greatest  interest  on  account  of  the  great  advances  it 
has  made. 

The  quantity  of  blood  is  in  the  majority  of  cases  decidedly  di- 
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niinished.  Frc([ueutly  on  a  deep  prick  only  one  small  drop  of  blood 
issues  forth,  and  even  on  strong  pressure  no  other  ean  be  forced  from 
the  same  wound,  so  that  sometimes  several  j)ricks  must  be  made  to  fill 
the  pipette  of  Gowers'  apparatus.  Still  occasionally  the  blood  flows  so 
copiously  from  the  wound  that  it  is  difficult  to  stop  the  hemorrhage. 
This  behavior  corresponds  in  no  way  with  the  severity  of  the  other 
blood  sym})toms.  In  fact,  the  writers  have  observed  that  in  the  course 
of  iinproyenu'iit  it  becomes  more  difficult  to  obtain  the  amount  of  blood 
necessary  ibr  tlie  making  of  a  dry  pre})aration  or  for  the  estimation  of 
the  hemoglobin  than  during  the  worst  stages  of  the  disease. 

[J.  L.  Smith  has  determined  the  volume  of  blood  in  severe  cases  by 
the  method,  elaborated  by  Haldane  and  himself,  and  found  the  total 
(|uantity  sometimes  increased  and  at  other  times  decreased.  Those  with 
laro-e  volume  seem  to  be  in  a  worse  condition  than  those  with  normal 
volume,  an  observation  that  coincides  with  the  results  obtained  by 
Houston  in  studying  edema  as  a  symptom  of  anemia. — Ed.] 

In  mild  cases  the  color  of  the  blood  appears  quite  normal,  in 
moderately  severe  it  is  pale  red,  later  resembles  watery  meat  extract,  and 
in  some  extreme  cases  is  almost  colorless.  Sometimes  at  the  moment  of 
issue  the  blood-drop  loses  its  homogeneit}-  when  the  yellowish  or  pale- 
reddish  corpuscles  are  seen  rolled  into  fine  threads  or  small  masses  in 
the  almost  colorless  fluid.  The  writers  have  never  observed,  as  Fiir- 
bringer  reports  in  severe  cases  (though  it  is  true  only  exceptionally), 
a  very  dark  even  tar-colored  blood.  Gusserow  mentions  that  in  one 
of  his  cases  after  a  transfusion  of  defibrinated  blood  the  blood  spurting 
from  a  small  artery  resembled  thin  coffee.  This  recalls  so  much  the 
appearance  of  the  blood  in  severe  hemoglobinemic  processes  that  we 
must  assume  that  there  was  a  hemolysis,  and  this  in  these  cases  does 
not  belong  to  the  simple  picture  of  progressive  j^ernicious  anemia. 

The  coloring-matter  of  the  blood  is  almost  always  strikingly  dimin- 
ished to  even  the  simplest  tests.  True,  there  are  pronounced  cases  in 
which  the  percentage  of  hemoglobin  amounts  to  more  than  50. 
The  writer  saw,  for  instance,  a  short  time  ago,  a  case  manifesting  marked 
morphologic  alterations  and  severe  general  sym]itoms  with  a  hemoglobin 
per  cent,  of  65  to  70  ;  though,  as  a  rule,  the  percentage  is  much  lower, 
even  to  under  10  (Scliauman,  Case  47). 

The  number  of  blood-corpuscles  likewise  shows  a  marked  dim- 
inutiuii,      A  decrease  of  one-half  is  seen  in  comparatively  mild  cases. 
A  million  to  the  c.mm.   is  frequent.       [The  range  of  counts  of  the  red 
corpuscles  found  at  the  first  examination  by  Cabot  ^  was  as  follows  : 
'  A  Guide  to  the  Clinical  Examination  of  the  Blood,  1904. 
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From     500,000  to  1,000,000 36  cases. 

"      1,000,000  to  1,500,000 55     " 

"      1,500,000  to  2,000,000 39     " 

"      2,000,000  to  2,500,000 J)     " 

Total 139     " 

Other  authors  have  recorded  rather  lower  numbers.  Much,  of  course, 
depends  upon  the  stage  at  which  the  disease  is  first  recognized.  Of  38 
cases,  Schaumau  found  1  above  2,000,000  ;  26  between  1,000,000  and 
2,000,000;  and  11  below  1,000,000.— Ed.]  A  case  of  Quincke's, 
in  which  only  143,000  to  the  c.mm.  were  found,  has  become  cele- 
brated. In  this  case  it  is  worthy  of  remark  that  after  seventy-four 
days  the  patient  showed  1,234,000,  and  after  the  course  of  several 
months  appeared  to  her  physician  as  "stout  and  well  nourished." 
[Hills  ^  has  reported  a  case  in  which  the  coimt  was  155,280  a  few  davs 
before  death.  It  is  of  interest  to  note  that  the  strength  and  endurance 
of  cases  of  pernicious  anemia  is  often  strikingly  out  of  proportion  to 
the  low  count  of  red  corpuscles. — Ed.] 

More  important  in  the  comprehension  of  progressive  pernicious 
anemia  than  the  percentage  of  hemoglobin  and  corpuscles  is  the  relation 
between  the  two  factors.  This  constitutes  a  typical  characteristic  which 
is  likewise  evident  in  the  histologic  examination. 

In  the  discussion  of  simple  chronic  anemia  we  showed  that  the  dim- 
inution of  hemoglobin  was  comparatively  greater  than  that  of  the 
blood-corpnscles  (see  p.  69) ;  in  other  words,  that  in  ordinary  anemic 
conditions  the  red  blood-corpuscles  lose  not  only  in  number,  but  in 
individual  value.  Hayem's  accurate  analyses,  on  the  contrary,  demon- 
strate that  in  progressive  pernicious  anemia  the  number  of  red  blood- 
corpuscles  may  be  considerably  diminished,  while  their  individual  value 
remains  normal  or  even  exceeds  the  normal.  For  instance,  Havem 
found  in  one  case  415,000  erythrocytes,  which,  reckoned  according  to 
their  percentage  hemoglobin,  corresponded  to  559,000  (individual  value 
=  1.34).  Quincke,  too,  showed  that  the  blood  of  pernicious  anemia 
is  characterized  by  an  increased  amount  of  coloring-matter  in  ])ropor- 
tion  to  the  number  of  corpuscles.  The  relation  which  the  individual 
value  of  the  corpuscles  bears  to  the  severity  of  the  disease  is  best  shown 
by  a  table  of  Hayem's  that  gives  the  estimations  in  one  patient  for 
several  months.  In  the  last  weeks  of  the  disease,  as  the  strength 
decreased,  the  value  of  the  individual  corpuscles  rose : 
'  Boston  Med.  and  Surg.  Jour.,  1898,  p.  139. 
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Value  in  terms  of  an 
y.  ..  Number  of  red  blood-  Average  equivalent  number  of 

^"'''^"  corpuscles.  value.  normal  red  blood- 

corpuscles. 

Jan.  4th 738,730  1.25  877,287 

Jan.  l(3th    ....  781,200  1.01  923,460 

Jan.  lUth    ....  834,250  1.32  1,101,153 

Jan.  23d 808,006  1.23  1,015,807 

Fob.  2d 723,260  1.60  1,603,560 

Feb.  7th 680,050  1.51  941,933 

Feb.  25th    ....  292,500  1.70  498,668 
Mar.  1st  .    .    .  Exitus  letbalis. 

Laache  confirmed  these  observations  in  a  large  number  of  cases  and 
first  proposed  the  ex])lanation  which  is  to-day  generally  accepted  and 
which  solves  satisfactorily  the  whole  question.  He  demonstrated  that 
the  increase  in  the  average  value  of  the  blood-corpuscles  depends  on 
the  fact  that  in  progressive  pernicious  anemia  many  red  blood-corpuscles 
are  larger  than  normal  and  contain  more  hemoglobin. 

[Too  much  stress  has  been  placed  upon  the  high  color-index  by  some 
writers.  My  own  conclusions  regarding  this  matter  ^  were  that  while  a 
color-index  above  the  normal  is  the  rule,  excej)tions  occur,  but  in  such 
exceptional  cases  the  index  is  still  much  above  that  seen  in  severe  types 
of  secondary  anemias.  Ewing^  expresses  a  similar  view,  and  Cabot  ^ 
found  the  hemoglobin  "  relatively  high "  in  98  cases  and  "not  rela- 
tively high  "  in  41  cases  at  the  first  examination.  Strauss  and  Rohn- 
stein^  found  indices  varying  from  0.50  to  1.95  and  Cobbs  in  36  cases 
found  an  average  index  of  1 .0. — Ed.] 

The  average  diameter  of  the  normal  red  blood-corpuscle  is  about 
8.5  /i,  and  a  diameter  of  9.0  may  be  described  as  the  high  limit  of 
normal.  Larger  cells,  which  we  designate  as  maoro,  megalo,  or  gigan- 
tocj/tc^,  frequently  occur  in  the  blood  of  progressive  pernicious  anemia, 
so  that  the  average  diameter  increases  to  11—13/7,  and  single  examples 
are  found  of  1 6—1 8  /z  (Askanazy). 

Apart  from  size,  the  megalocytes  are  not  particularly  different  from 
the  normal  red  blood-corpuscles.  As  a  rule,  the  concavity  is  less  evident 
and  is  sometimes  completely  unrecognizable.  The  whole  disc,  as  a  con- 
sequence, appears  regularly  round,  and  "  pessary  forms  "  or  even  tran- 
sitions toward  such  forms  are  scarcely  ever  found.  The  alterations  in 
circumference  are  likewise  more  rare  and  not  so  pronounced.  In  fresh 
preparations  the  megalocytes  show  a  normal  hemoglobin  color,  in  stained 
])re]>arations  an  ovorstaining  with  eosin  or  orange  G.  In  many  cases  a 
polychromasia  is  evident. 

'  "  Diseases  of  the  Blood  "  Twentieth  Century  Practice  of  Medicine. 
»  Clinical  Paiholoffij  nf  the  Blood,  1903. 

'  A  Guide  to  the  Clinical  Examination  of  the  Blood,  5tli  ed.,  1904. 
*  Die  Blulzusammensetzung  bei  den  Verschied.  Andmien,  Berlin,  1901. 
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Still  these  large  forms  are  not  the  only  ones  seen  in  progressive  per- 
nicious anemia ;  on  the  contrary,  we  also  find  erythrocytes,  the  diameter 
of  which  is  normal  or  smaller  than  normal.  The  small  and  very  small 
forms  (microcytes)  occur  in  similar  numbers  and  are  of  the  same  size  as 
in  simple  chronic  anemia  of  like  severity.  The  blood  of  the  individual 
cases  of  progressive  pernicious  anemia  receives  its  characteristic  stamp 
from  the  number  (percentage)  of  macrocytes  and  gigantocytes  among 
all  the  red  blood-corpuscles.  This  percentage  signifies  more  than  the 
average  diameter  of  all  the  blood-corpuscles,  since  the  latter  is  influenced 
by  the  number  and  size  of  the  microcytes,  so  that,  for  instance,  a  mark- 
edly abnormal  blood,  as  far  as  the  proportion  of  large  cells  was  con- 
cerned, might  show  a  normal  average  diameter  on  account  of  the 
occurrence  of  a  similar  number  of  equally  small  cells. 

Several  examples  w'ill  illustrate  this.     We  found  : 

1.  With  advanced  disease,  bad  general  condition  : 

In  eight  cases  71,  71,  66,  65,  60,  58,  57,  56  per  cent,  megalo- 
cytes. 

2.  With  evident  improvement  of  the  general  condition  : 
In  five  cases  50,  48,  42,  39,  33  per  cent,  megalocytes. 

3.  On  complete  remission  : 

In  five  cases  14,  14,  9,  3  per  cent,  of  megalocytes. 

It  must  be  noted  that  the  distribution  of  the  large,  normal,  and 
small  blood-corpuscles  in  the  same  preparation  is  often  such  that  whole 
fields  show  only  one  kind.  Hasty  examination,  therefore,  can  lead  to 
considerable  error  in  regard  to  the  condition  of  the  blood.  Conse- 
quently the  estimations  should  be  made  only  on  dried  preparations 
faultlessly  spread. 

[Ewing  states  that  "  It  may  be  said  that  unless  33  per  cent,  of  the 
corpuscles  are  distinctly  oversized  the  diagnosis  of  pernicious  anemia 
should  be  made  with  reserve." — Ed.] 

By  comparative  examinations  Laache  determined  that  the  dispro- 
portion in  the  quantity  of  hemoglobin  accurately  corresponds  to  the 
number  of  enlarged  blood-discs.  As  long  as  the  quantity  of  hemo- 
globin in  the  blood  exceeded  in  comparison  the  number  of  corpuscles, 
the  large  discs  were  numerous,  and  as  the  quantity  of  hemoglobin  ap- 
proached the  normal,  they  became  scanty  or  disappeared.  Laache 
explained  the  origin  of  the  large  forms  as  a  sort  of  compensation  on  the 
part  of  the  organism  which  endeavors  to  make  up  for  the  dangerous 
loss  of  oxygen-carriers  by  increasing  their  amount  of  hemoglobin, 
though  he  himself  acknowledges  that  this  explanation  is  scarcely  satis- 
factory.    A  clearer  light  is  thrown  on  this  question  by  the  work  of 
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Ehrlich,  who  explains  their  origin  in  progressiv^e  pernicious  anemia  by 
a  megaloblastic  degeneration  of  the  bone-marrow. 

While  referring  for  the  theoretic  consideration  of  megaloblasts  and 
the  necessity  and  possibility  of  their  separation  from  the  normoblasts, 
etc.,  to  the  explanations  given  on  pp.  51-61,  I  shall  add  a  few 
facts  in  regard  to  the  occurrence  of  megaloblasts  in  the  circulating  blood. 
I  (For  the  ])r()gnostic  and  diagnostic  significance  of  these  cells,  see  the 
corresponding  sections.) 

The  number  of  megaloblasts  in  the  blood  in  progressive  pernicious 
anemia  is  almost  always  very  small,  and,  as  insisted  on  previously,  the 
absence  of  megaloblasts  should  not  be  considered  in  the  diagnosis  till 
one  or  several  preparations  have  been  entirely  gone  over,  if  possible, 
with  the  help  of  the  mechanical  stage.  Accurate  figures  as  to  their 
relative  numbers  can  not,  therefore,  be  given,  but  we  must  content  our- 
selves with  statements  such  as,  in  the  whole  preparation,  six,  eight,  etc., 
megaloblasts.  Only  in  extremely  rare  cases,  and  then  usually  shortly 
before  death,  do  they  occur  in  such  numbers  that  almost  every  field 
shows  one  or  several,  and  in  these  cases  they  constitute  an  ominous 
symptom. 

On  account  of  the  usual  small  number  of  megaloblasts,  it  is  not  sur- 
prising when,  for  instance,  in  two  preparations  made  at  the  same  time, 
several  examples  are  found  in  one,  none  in  the  other.  This  shows  that 
the  negative  finding  must  be  employed  with  much  greater  caution  in 
the  diagnosis  of  a  case  than  the  positive.  Moreover,  evident  fluctua- 
tions in  the  number  of  megaloblasts  occur  from  day  to  day,  without 
corresponding  symptoms  in  the  general  course  of  the  disease  being 
recognizable. 

It  must  not  be  forgotten  that  the  presence  of  numerous  megaloblasts 
in  the  bone-marrow  by  no  means  necessitates  their  occurrence  in  the 
circulating  blood.  No  more  than  under  physiologic  conditions  do  the 
normoblasts  pass  over  from  their  breeding-place  into  the  circulation. 
What  the  irritants  are  that  are  capable  of  sending  the  megaloblasts  into 
the  blood-stream  we  do  not  know. 

While  there  is  no  absolute  correspondence  between  the  occurrence 
of  megaloblasts  in  the  blood  and  the  general  course  of  the  disease, 
experience  teaches  that  they  usually  wander  into  the  blood  in  the 
greatest  numbers  in  the  last  days  ante  mortem.  Moreover,  though  they 
may  be  absent  for  months  at  a  time  during  remissions  they  usually 
ap])ear  again  on  the  recurrence  of  the  symptoms. 

Sometimes,  in  addition  to  the  megaloblasts,  normoblasts  are  found, 
especially  in  the  relatively  mild  cases.     It  appears  to  us  remarkable 
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that  Schauman  found  in  all  of  his  cases  of  bothriocephalus  anemia  both 
varieties  of  erythroblasts  occurring  together.  From  our  personal 
experience,  though  it  includes  no  bothriocephalus  anemia,  we  must 
consider  their  simultaneous  occurrence  as  a  rarity.  [Other  observers 
are  quite  uniformly  at  variance  with  this  view.  As  an  illustration  of 
the  usual  findings  the  figures  of  CabOt  may  be  quoted  here.  Among 
139  cases  he  found  megaloblasts  predorainating  in  109  ;  predominating 
in  later  examinations  in  27  ;  no  megaloblasts  in  3.  In  other  words, 
there  were  always  some  normoblasts  associated  with  megaloblasts  when 
the  latter  were  found.  This  coincides  with  the  editor's  experience. — 
Ed.]  The  writers  have  not  been  able  to  discover  that  the  occur- 
rence of  normoblasts  introduced  any  change  in  the  general  disease-picture 
as  it  does  in  acute  post-hemorrhagic  anemia.  Nevertheless,  Askanazy 
reports  a  striking  observation  in  this  regard.  In  one  of  his  cases  of 
bothriocephalus  anemia  the  blood  showed  a  very  large  number  of 
megaloblasts  (40  to  50  on  every  cover-glass)  and  only  isolated  nor- 
moblasts. A  short  time  after  the  removal  of  the  tapeworm  an  exactly 
opposite  condition  was  found,  namely,  a  marked  decrease  in  the  megalo- 
blasts, and  a  week  later  an  evident  increase  in  the  normoblasts.  Within 
three  weeks  the  blood  gradually  returned  to  normal.  In  this  case  a 
pronounced  general  improvement  accompanied  the  appearance  of  the 
normoblasts.  The  number  of  blood-corpuscles,  which  before  the  re- 
moval of  the  worm  amounted  to  1,200,000,  rose  in  two  weeks  to 
2,140,000,  in  four  weeks  to  4,250,000.  The  increase  in  blood-corpus- 
cles was  therefore  introduced  by  the  appearance  of  the  normoblasts 
just  as  in  acute  post-hemorrhagic  anemia.  A  case  of  kryptogenetic 
progressive  pernicious  anemia,  described  by  Dorn,  is  even  more  pro- 
nounced. While  showing  the  signs  of  a  marked  anemia  the  blood  was 
suddenly  inundated  with  normoblasts,  which  disappeared  again  in  a  few 
days.  Witliin  two  weeks  after  this  the  number  of  red  blood-corpuscles 
had  increased  three  times.  This  is  a  condition  well  worthy  of  the  name 
"  blood  crisis,"  suggested  by  v.  Noorden  for  a  similar  condition  in  acute 
post-hemorrhagic  anemia. 

As  pointed  out  first  by  Luzet,  and  since  then  by  every  observer  who 
has  had  the  opportunity  of  examining  the  blood  of  pernicious  anemia 
in  stained  preparations,  karyokinitic  figures  in  every  stage  of  develop- 
ment may  be  found,  especially  in  the  severe  cases,  though  Schauman  saw 
them  in  1  case  which  later  recovered.  [Interesting  papers  on  mitoses 
in  the  circulating  blood  have  been  recently  published  by  Dock  ^  and 
'  Trans.  Assoc,  of  American  Phys.,  Nov.,  1902. 
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C  Y.  White.'  The  oceurrence  of  such  cells  does  not  offer  any  im- 
portant criteria  for  diagnosis  or  prognosis. — Ed.] 

Before  leaving  this  subject  other  peculiar  changes  of  the  red  blood- 
corpuscles  must  be  mentioned,  namely,  the  occurrence  of  punctate, 
(/niini/ar,  or  Itirger  deposits  in  their  protoplasm  invisible  in  the  fresh 
blood,  but  brought  out  by  staining  with  methylene-blue.  In  prepara- 
tions stained  \\\{h  Chenzinsky's  fluid,  for  instance,  these  deposits  are 
sometimes  so  fine  and  so  closely  packed  together  that  the  Avhole  cell 
appears  to  be  stained  a  homogeneous  blue,  and  the  structure  can  be 
recognized  only  with  considerable  difficulty.  In  other  cases  the  granules 
are  larger ;  again,  some  may  be  very  fine,  others  large  and  rough. 
Moreover,  they  may  be  regularly  distributed  throughout  the  whole  cell 
or  be  limited  to  a  jiortion  of  it  (see  Plate  II.,  Fig.  5). 

As  far  as  the  writers  have  studied  the  literature,  these  cells  were  first 
mentioned  in  a  dissertation  prepared  under  v.  Noorden's  direction.     In 

1893  Askanazy  described  them  in  a  case  of  anemia,  and  considered  the 
granules  as  products  of  a  karyorrhexis.      In  a  monograph  published  in 

1894  Schauman  also  mentioned  these  cells.  In  189G  one  of  us  was 
able  to  report  more  than  20  cases  of  progressive  pernicious  anemia  in 
which  they  were  unexceptionally  found.  Since  then  they  have  been 
frequently  mentioned  and  described  (Klein,  Zeoni,  Lenoble).  A  short 
time  ago  A.  Plehn  demonstrated  morphologically  similar  elements  in 
numerous  cases  of  malaria  and  persons  who  dwelt  in  malarial  districts. 
E.  Grawitz  has  very  recently  confirmed  Plehn's  finding  in  several  cases 
and  demonstrated  them  also  in  progressive  pernicious  anemia  due  to 
carcinoma,  suppuration,  and  leukemia.  Finally  it  must  be  mentioned 
that  Pappenheim  and  C.  S.  Engel  have  described  similar  deposits  in 
embryonal  red  blood-corpuscles. 

These  cells  are  readily  found  in  severe  stages  of  progressive  pernicious 
anemia  after  attention  is  once  directed  to  them.  Sometimes  only  one 
example  in  several  fields,  l)ut  frequently  eight  to  ten  examples  in 
every  field.  Their  frequency  undoubtedly  corresponds  to  a  certain 
extent  to  the  severity  of  the  disease.  When  the  severe  stage  of  pro- 
gressive pernicious  anemia  remits,  they  become  more  rare  and  gradually 
disappear  entirely  from  the  blood.  [Stengel,  White,  and  Pepper  ^  found 
granular  erythrocytes  in  7  cases  of  pernicious  anemia,  and  regard  them 
as  practically  constant  in  advanced  stages  of  this  disease,  though  not  as 
striking  a  feature  in  it  as  in  lead-poisoning.  The  nature  of  these 
granules  has  been  discussed  in  a  previous  section  (see  p.  59). — Ed.] 

'  Univ.  of  Penna.  Med.  Bull,  1003. 
^  Arner.  Jour.  Med.  Sci,  May,  1902. 
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EXPLANATION  OF  PLATE  IL 

Fig.  3. — Preparation    from   an    Advanced   Case   of   Progressive 
Pernicious  Anemia  from  Unknown  Cause. 

a,  Megalfv  or  gigautoblasts :  the  protoplasm  shows  marked  polychro- 
masia ;  b,  stained  granules  in  erythrocytes  with  normally  stained  proto- 
plasm ;  c  and  d,  polychromatophylin  degeneration ;  e,  megalocytes ;  /,  normo- 
cytes. 

Fk;.  4. — Preparation  from  the  Same  Case  Taken  Some  Time  Later 
WHILE  the  Patient  was  Subjectively  and  Objectively 
in  Perfect  Health. 

a,  Punctate  erythrocytes  with  normal  and  anemic  degenerated  proto- 
plasm;  b,  polynuclear  leukocyte;  e,  normal  red  blood-corpuscles;  d,  some- 
what enlarged  erythrocytes. 

Fig.  5. — Series  of  Cells  from  a  Case  of  Severe  Progressive  Per- 
nicious Anemia  of  Unknown  Etiology  ;  Preparation 
Made  Two  Days  Ante  Mortem. 

a,  Nucleated  red  blood-corpuscles  characterized  as  normoblasts  liy  the 
intense  staining  of  the  nuclei.  «'  and  a",  karyokinetic  figures  in  erythro- 
cytes ;  the  protoplasm  finely  punctate ;  h,  beginning  karyolysis  in  a  megalo- 
blast;  c,  erytbrol)lasts  with  coarse  granulation  of  the  protoplasm  ;  d,  nuclear 
remains  (?)  and  fine  granulation  of  the  protoplasm  ;  e  and  /,  finely  punctate 
red  blood-corpuscles;  g,  megalocyte  with  two  blue  nuclei;  nuclear  remains 
(?)  in  the  polychrome  protoplasm. 
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The  significance  of  these  granules  is  by  no  means  assured.  The 
writer  will  only  mention  that  Plehn  regards  them  as  germs  of  the 
malarial  parasite  and  designates  them  *' karyochromatojthilic  granules." 
To  consider  them  as  an  expression  of  polychromatophilic  degeneration 
is  not  practicable,  since,  though  they  are  often  found  in  polychromato- 
philic degenerated  cells,  they  occur  not  less  frequently  in  those  w^ith 
normal  stained  protoplasm.  The  theory  that  they  are  products  of 
nuclear  destruction  within  the  blood-corpuscles  is  supported  by  their 
occurrence  in  embryonal  cells.  Moreover,  the  series  of  pictures  which 
the  writer  has  obtained  from  one  single  preparation  of  progressive  per- 
nicious anemia  (Plate  IL,  Fig.  5),  seems  to  him  to  confirm  it.  Still, 
the  figures  a'  and  a",  in  which  the  cells  show  a  mitotic  figure,  though 
the  protoplasm  is  filled  w^ith  the  granules,  are  directly  against  this 
theory  of  karyorrhexis,  since  it  would  be  necessary  to  assume  the  im- 
probable explanation  that  the  cells  contained  primarily  two  nuclei,  one 
of  which  was  destroyed,  while  the  other  went  on  to  division. 

Further  observations  on  these  cells  which  are  of  undoubted  signifi- 
cance in  the  study  of  anemia  are  desirable  so  as  to  complete  and 
explain  our  present  knowledge.  In  order  to  avoid  a  misnomer  on 
account  of  not  understanding  their  significance  and  so  put  nothing  in 
the  way  of  their  future  designation,  the  writer  will  call  them  simply 
"  punctate  erythrocytes." 

The  further  changes  observed  in  the  red  blood-corpuscles  in  pro- 
gressive pernicious  anemia  are  not  peculiar  to  this  disease,  but  are  more 
or  less  evidently  pronounced  in  every  severe  anemia.  Among  these 
may  be  mentioned  small  erythrocytes  and  manifold  alterations  in  shape, 
appearances  which  for  a  long  time  were  regarded  as  characteristics  of 
progressive  pernicious  anemia.  It  is  to  be  added  that  in  some  cases 
the  blood-corpuscles  show  very  little  change  in  shape  in  spite  of 
a  pronounced  microcytosis ;  and,  again,  it  sometimes  happens  that 
microcytes  are  entirely  absent.  In  the  very  great  majority  of  cases, 
however,  the  number  of  microcytes  and  poikilocytes  is  marked.  More- 
over, the  ameboid  movement  of  tlie  jioikilocytes  ("  pseudoparasite," 
Hayem)  is  not  regularly  seen,  and  when  it  occurs  it  can  not  be  dif- 
ferentiated from  that  of  other  severe  anemias. 

Anemic  or  polychromatophUic  degeneration  is  encountered  in  a  large 
porportion  of  all  the  erythrocytes,  and  reaches  higher  grades  than  in 
any  other  disease.  On  staining  with  eosin-mcthylene-blue  we  not 
rarely  find  cells  of  such  a  pronounced  blue  color  that  they  are  recog- 
nized as  erythrocytes  only  by  their  shape  and  the  absence  of  a  nucleus. 
The  proof  brought  forward  by  C.  S.  Engel  from   his  investigations  of 
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embryonal  blood,  that  polycliromasia  of  the  erythroblasts  is  not  always 
a  symptom  of  degeneration,  but  may  be  a  physiologic  peculiarity  of  a 
definite  earlier  stage  of  development,  terminated  the  long-continued 
dispute  between  Ehrlich  and  Gabritschewsky  in  favor  of  the  latter. 
In  the  discussion  of  Engel's  discourse  Ehrlich  himself  acknowledged  a 
physiologic  polychromasia  in  embryonal  blood,  though  without  dismiss- 
ing its  importance  as  a  symptom  of  degeneration  in  the  blood  of  adults 
(see  p.  48). 

The  absence  of  rouleaux  formation,  to  which  some  authorities  attribute 
special  significance,  must  be  mentioned.  It  is  more  pronounced  the 
smaller  the  number  of  red  blood-corpuscles. 

In  the  liematologic  investigations  devoted  to  progressive  pernicious 
anemia  during  late  years,  the  white  blood=corpuscles  have  been  treated 
in  a  somewhat  off-hand  fashion,  and  we  find  in  the  literature  so 
far  no  special  observations  corresponding  to  our  present-day  demands. 
Still  it  is  generally  conceded  that  in  the  majority  of  cases  their  absolute 
number  is  decreased,  and  that  any  hyperleukocytosis  must  be  attributed 
to  a  complication  or  a  special  phenomenon  in  the  course  of  the  disease. 

The  absolute  number  of  leukocytes  per  c.uim.  is  in  comparison  with 
the  normal  (7000  to  10,000),  invariably  decreased.  The  lowest  num- 
ber,   1500   to   2000,  was   noted   by  Hayem.      [Cabot's  figures  are  as 

follows  : 

Leukocytes  (when  case  was  first  examined). 

Under     1000 11  cases 

1000  to    3000 29  " 

3000  to    5000 •    ■    • 53  " 

5000  to    7000 28  " 

7000  to  10000 14  " 

10000  to  13000 4  " 

Total 139        —Ed.] 

The  writers  have  made  absolute  estimations  indirectly  by  comparing 
the  number  of  red  blood-corpuscles  with  the  actual  proportion  of  whites, 
and  comparing  the  relation  of  the  individual  varieties  of  whites  with 
one  another.  In  progressive  pernicious  anemia  these  estimations  require 
especial  patience  and  time,  since  frequently  several  dried  preparations 
must  be  entirely  gone  over  with  the  help  of  the  mechanical  stage  before 
a  sufficient  number  of  leukocytes  is  brought  to  view.  We  may  intro- 
duce here  figures  from  uncomplicated  cases  of  kryptogenetic  pernicious 
anemia  taken  at  the  height  of  the  disease  and  at  the  beginning  of  the 
remissions. 

Case  1.  Sch.  Oct.  25,  1894.  Moderately  bad  general  condition. 
Blood  examination  :  ]\Icgalocytes,  66  per  cent,  ;  in  one  cover-glass  prepara- 
tion,   8    megaloblasts.      Poikilocytosis   of  moderate   degree.      Very    many 
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punctate  erythrocytes  ;  marked  polychromasia.     Number  of  red  blood-cor- 
puscles, 1,340,000. 

Estimation    of  the    leukocytes :    Proportion  of  white  to  red   blood-cor- 

puscles  ^=1  :  12(0. 

In  a  differential  count  of  200  leukocytes  we  found  : 

Lymphocytes 50.0  per  cent. 

Polynuclear  neutrophiles 42.5         " 

Large  mononuclear .    .  0.5         " 

Myelocytes 0.5        " 

Eosinophiles      6.0         " 

Mast-cells       0.0 

November  12,  1894.  General  condition  much  improved.  Blood  ex- 
amination :  Megalocytes,  33  per  cent. ;  no  erythroblasts.  Punctate  ery- 
throcytes scanty,  about  10  in  the  whole  preparation,  Moderate  polychro- 
masia.    Slight  poikilocytosis.     Number  of  red  blood-corpuscles,  4,115,000. 

W 

—  =  1  :  218.     Differential  count  of  400  leukocytes  showed  : 

Lymphocytes 12.0  per  cent. 

Polynuclear  neutrophiles 78.2        " 

Eosinophiles      9.5        " 

Large  mononuclear ") 

Myelocytes V  0.0        " 

Mast-cells J 

Case  2.  M — r.  Oct.  15,  1894.  Bad  general  condition.  Blood  exami- 
nation :  Megalocytes  71  per  cent,  ;  8  megaloblasts  in  the  whole  preparation. 
Very  marked  poikilocytosis ;  considerable  anemic  degeneration  ;  in  about 
every  secctnd  field  a  punctate  erythrocyte.  Number  of  red  blood-corpuscles, 
549,000. 

W 

— =  1  :  1670.     Among  200  leukocytes  were  : 

Lymphocytes 62.0  per  cent. 

Polynuclear  neutrophiles 35.0         " 

Large  mononuclear      2.5        " 

Eosinophiles      0.5         " 

Myelocytes \(\(\        " 

Mast-cells j  "'^ 

Oct.  31,  1894.  Clinically  much  improved.  Blood  examination  :  Macro- 
cytes,  39  |)er  cent.  ;  several  normoblasts  to  a  preparation,  no  megaloblasts. 
Punctate  erythrocytes  moderately  numerous.  Slight  poikilocytosis  and  poly- 
chromasia. 

Number  of  red  blood-corpuscles,  1,525,000. 

W 

^g-  ^  1  :  625.     Among  300  leukocytes  were  : 

Lymphocytes 31.5  per  cent. 

Polynuclear  neutrophiles 56.0  " 

Eosino])hiles ILO  " 

Myelocytes 0.5  " 

Large  mononuclear 0.5  " 

Mast-cells 0.0  " 

17 
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Case  3.  S — r.  Nov.  26,  1897.  jNIoderately  poor  general  condition. 
Blood  examination  :  jNIacrocytes,  71  per  cent.  ;  12  megaloblasts  to  a  prepa- 
ration. Marked  poikilocytosis,  polychromasia.  Very  many  punctate  eryth- 
rocytes (6-8  to  a  field). 

(In  this  case  the  red  blood-corpuscles  were  not  counted.) 

W 

—  =  1  :  1120.     Among  308  leukocytes  were  : 
K 

Lymphocytes 44.5  per  cent. 

Polynuclear  neutrophiles 49.5       " 

Eosinophiles 5.0       " 

Large  mononuclear 1.3       " 

Myelocytes 2  examples. 

Mast-cells 1  example. 

Dec.  9,  1897.  Evident  improvement  in  the  general  condition.  Blood 
examination  :  IMegalocytes  33  per  cent.  ;  no  erythroblasts.  Slight  polychro- 
masia, punctation,  and  poikilocytosis. 

W 

,j5-  ^  1  :  800.     Among  200  leukocytes  were : 

Lymphocytes 31.5  per  cent. 

Polynuclear  neutrophiles 64.0       " 

Eosinophiles 6.5       " 

Large  mononuclear 2.5        " 

Myelocytes 0.5        " 

Mast-cells 0.0       " 

March,  6,  1898.  Objectively  and  subjectively  the  general  condition 
was  excellent  ;  the  patient  gave  the  impression  of  perfect  health.  Blood 
examination  :  Red  blood-corpuscles  of  normal  size  with  only  slight  altera- 
tions in  shape.  No  erythro})lasts.  Several  punctate  erythrocytes  in  the 
preparation  (in  one  3,  another  5).     Slight  polychromasia. 

W 

—  =  1  :  650.     Among  255  leukocytes  were  : 

Lymphocytes 29.0  per  cent. 

Polynuclear  neutrophiles 64.2       " 

Eosinophiles 5.9       " 

Large  mononuclear 0.8       " 

Myelocytes 0.0       " 

Mast-cells  (2  examples) 0.8       " 

These  cases  which  we  have  introduced  only  as  examples  of  many 
similar  ones  permit  us  to  draw  the  following  conclusions  in  regard  to 
the  behavior  of  the  white  blood-corpuscles  in  progressive  pernicious 
anemia : 

1.  The  lymph-cells  show  an  evident  regular  increase,  reaching  in  one 
case  62  per  cent.  This  increase  in  lymph-cells  is  assuredly  not  absolute 
but  relative,  and  is  due  to  the  cells  of  the  bone-marrow  group  being 
diminished.  [An  absolute  increase  in  the  number  of  lymphocytes  is 
not  infrequent,  esjiecially  toward  the  end  of  the  disease.  Stengel  ^  states 
that  when  preagonal  leukocytosis  occurred  he  found  an  excess  of  lym- 
^  Twentieth  Cent.  Practice,  vol.  vii. 
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phocytes  ;  Da  Costa  (Clinical  Hemaiology)  records  similar  observations, 
as  does  also  Cabot  (Clinical  Examinations  of  the  Blood).  Strauss  and 
Rohnstein  ^  report  a  diminution  in  the  multinuclear  cells  in  pernicious 
anemia,  the  average  being  52.5.  The  mononuclear  cells  at  the  same 
time  rose  to  45.1  per  cent,  in  the  23  cases  examined;  37  percent, 
were  lymphocytes,  and  all  of  the  cases  except  one,  in  which  the  patient 
was  inarticulo,  the  percentage  of  multinuclear  cells  was  below  70  per 
cent.  These  results  differ  from  those  of  McCrae,  who  found  in  30 
cases  an  average  of  64  per  cent,  multinuclear  and  34  per  cent,  mono- 
nuclear. The  average  of  the  lymphocytes  in  11  fatal  cases  was  only 
29  per  cent.,  while  in  19  cases  that  improved  under  treatment  the  aver- 
age was  31  per  cent.  Lymphocyte  counts  similar  to  those  of  Strauss 
and  Rohnstein  have  been  reported  by  Pepper  and  Stengel,^  Klebs, 
Hayem,  and  others. — Ed.] 

2.  The  behavior  of  the  eosinophiles  is  not  satisfactorily  explained  in 
these  cases,  since  their  percentage  was  normal  in  several  cases  in  which 
the  other  bone-marrow  cells  were  considerably  below  the  normal.  Still, 
we  must  realize  how  readily  accident  may  be  responsible  for  differences 
in  such  small  numbers  (4  per  cent.). 

3.  The  diminution  of  the  polynuclear  neutrophiles  is  striking  and  is 
due  to  an  absolute  decrease,  the  result  of  the  severe  depression  of  the 
bone-marrow  function. 

In  several  cases  (v.  Noorden,  Dorn)  an  extremely  marked  hyper- 
leukocytosis  was  found,  which  on  first  glance  gave  the  impression  of  a 
leukemia  on  account  of  the  simultaneous  occurrence  of  normoblasts. 
As  has  been  mentioned  in  another  connection  above,  this  process  was 
the  forerunner  of  an  extremely  rapid  improvement.  In  other  cases, 
however,  the  occurrence  of  numerous  leukocytes  is  a  very  ominous 
prognostic  symptom,  since  it  either  indicates  the  existence  of  a  compli- 
cation— e.  g.,  a  pneumonia  or  a  suppurative  process — or  is  the  forerunner 
of  death.  For  instance,  a  considerable  hyperleukocytosis  was  found  in 
2  cases  of  Litten's  within  a  few  hours  of  death,  and  Gottlieb  observed 
1  case  of  genuine  progressive  pernicious  anemia  in  which  at  the  begin- 
ning no  increase  of  white  blood-corpuscles  was  found,  while  shortly 
before  death  they  amounted  to  30,000  per  c.mm.,  making  a  relation  of 
whites  to  red  of  1  :  18. 

In  none  of  the  writers'  cases  have  they  been  able  to  find  morpho- 
logic alterations  in  the  leukocytes  except  once,  the  filamentous 
appearance    of    the    lymphocytes    described    on    p.    46.       Gumprecht 

^  Die  Blutzummmensetzung  hri  den  Verschied  enen  Anuemien,  Berlin,  1901. 
^  Congress  fiir  Innere  Med.,  Bd.  14. 
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describes  several  cases  of  degeneration  of  the  lymphocytes,  consisting  in 
achromatism,  enlargement  and  vacuolization  of  the  nucleus,  and  breaking 
up  of  tlic  protoplasm.  Hayem  observed  in  all  very  severe  anemias  an 
extraordinary  increase  of  neutrojihile  granulations  at  the  periphery  of 
the  2)olynuclear  leukocytes,  the  half  of  these  cells  being  thus  altered. 
The  same  investigator  makes  the  conjecture  that  the  protoplasm  of  these 
cells  imbibes  hemoglobin  in  the  severe  cases.  [Pase  ^  has  reported  a 
case  in  Avhich  the  neutrophile  granules  were  absent  from  the  polymor- 
phonuclear cells.  There  was  also  an  absence  of  basoj^hile  and  eosiuo- 
phile  granules. — Ed.] 

The  other  physical  and  chemic  methods  of  investigation  have  so  far 
shown  no  peculiarity  of  the  blood  in  progressive  pernicious  anemia  which 
would  differentiate  it  from  other  anemic  conditions  of  similar  severity. 

The  Specific  gravity  of  the  entire  blood  is,  according  to  Lyou- 
net's  statistics,  invariably  low  in  progressive  pernicious  anemia.  The 
lowest  specific  gravity  mentioned  by  him  is  1027  in  a  case  observed  by 
Copemann.  In  cases  in  which  Lyounet  made  estimations  over  a  long 
period,  the  specific  gravity  corresponded  to  the  general  condition. 

The  estimation  of  the  dry  residue  of  the  blood  was  undertaken 
in  several  cases  by  v.  Jaksch  and  Grawitz.  Their  lowest  amounts  were 
10.82  and  9.07  per  cent.,  respectively.  The  percentage  of  albu- 
min, which  V.  Jaksch  found  decreased  in  one  of  his  cases  to  9.94  (normal 
22.62  per  cent.),  corresponds  to  this.  Still  while  in  simple  anemias  this 
diminution  of  the  percentage  of  albumin  in  the  blood  corresponds  to  a 
decrease  of  the  same  in  the  red  blood-corpuscles,  v.  Jaksch  found  in 
pernicious  anemia  an  augmentation  of  the  percentage  of  albumin  in  the 
red  blood-corpuscular  substance  ("  hyperalbuminemia  rubra  ").  This 
authority  states  the  normal  percentage  in  100  gm.  of  moist  red  blood- 
corpuscles  to  be  5.52  N  =  34.5  albumin,  while  in  a  case  of  progressive 
pernicious  anemia  N  =  6.48,  A  =  40.5.  The  decrease  of  albumin  and 
nitrogen  in  the  whole  blood  is,  therefore,  attributable  to  the  oligo- 
cythemia, since  the  erythrocytes  present  contain  more  albumin  than 
normal.  This  finding  is  in  accord  with  macrocyte  formation  and 
Hay  em's  increased  percentage  albumin  in  the  individual  blood-corpuscles. 

Special  investigations  of  the  serum  by  Hammerschlag,  Grawitz, 
and  Dic'I)alla  show  that  even  in  severe  cases  of  progressive  pernicious 
anemia  the  l)lood-serum  loses  eitlier  not  at  all  or  only  slightly  in  albu- 
min. In  one  severe  case  (red  blood-corpuscles  536,000,  hemoglobin 
20  per  cent.,  specific  gravity  1028.5),  for  instance,  Dioballa  found  the 
percentage  albumin  of  the  serum  to  be  9.49  (normal  10  to  10.5  per 
1  Ri/orma  Med.,  1899,  p.  103. 
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cent.),  while  the  percentage  albumin  in  the  entire  blood  was  only  the 
half  of  normal.  Grawitz  observed  in  similar  cases  the  dry  residue 
of  the  entire  blood  reduced  one-half,  that  of  the  serum  only  about  one- 
fifth. 

The  writers  wish  to  state  expressly  that  on  careful  manipulation  of 
the  blood  the  serum  remains  unstained,  and  that  the  occurrence  of  hemo- 
globin in  the  serum  in  progressive  pernicious  anemia,  though  frequently 
asserted,  has  not  been  proved.  Positive  investigations  in  regard  to  the  re- 
sistance of  the  red  blood-corpuscles  in  progressive  pernicious  anemia  have, 
as  far  as  the  writers  know,  not  been  made,  yet  a  priori  we  can  assume 
that  it  is  decreased,  so  that  on  glass  the  blood-corpuscles  are  readily 
broken  up  and  the  hemoglobin  goes  over  into  the  serum  if  there  is  lack 
of  care  in  the  manipulation. 

A  very  interesting  property  of  the  serum  in  progressive  pernicious 
anemia  has  been  recently  observed  by  Maragliano.  He  found  that 
the  serum  in  certain  pathologic  conditions,  among  them  progressive 
pernicious  anemia  in  all  its  stages,  dissolves  on  glass  the  healthy  cor- 
puscles and  breaks  up  the  hemoglobin,  while  the  serum  of  healthy  indi- 
viduals, on  the  contrary,  preserves  the  cells.  According  to  Maragliano's 
investigations,  this  pathologic  serum  contains  less  salts  than  normal  and 
its  globucidal  power  can  be  destroyed  even  intra  corpus  by  the  intra- 
venous injection  of  common  salt.  The  clinical  study  of  this  remark- 
able phenomenon  is  limited  on  account  of  the  lack  of  material,  especially 
in  the  case  of  progressive  pernicious  anemia,  still,  if  confirmed  by 
further  observations,  it  may  be  found  serviceable  in  explaining  the 
pathogenesis  and  the  nature  of  anemias.  That  considerable  biologic 
significance  is  attributable  to  it  is  shown  by  the  recent  work  of  Ehrlich 
on  "  hemolysins  "  and  similar  substances,  which  seem  about  to  pave  the 
way  for  a  new  mode  of  serum  analysis. 

Hayem  and  his  pupils  claim  that  the  coagulability  of  the  blood 
in  progressive  pernicious  anemia  is  normal,  while  it  strikes  the  writer, 
and  Grawitz  makes  a  similar  observation,  that  in  the  majority  of  cases 
the  small  finger-prick  bleeds  a  very  long  time,  provided  the  amount  of 
blood  issuing  from  the  wound  was  not  originally  too  small. 

Considerable  importance  in  relation  to  the  diagnosis  and  the  concep- 
tion of  the  nature  of  the  disease  is  given  by  Hayem  and  Lenoble  to  the 
phenomenon  discovered  by  the  former,  namely,  that  in  different  pathologic 
conditions  the  venesected  blood  does  not  separate  into  scrum  and  congu- 
lum.  In  a  case  reported  by  Lenoble  there  Avas  not  the  slightest  sepa- 
ration even  after  seventy-two  hours.     These  two  authorities  regard  this 
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phenomenon  as  of  liigher  diagnostic  importance  than  all  the  morphologic 
differences. 

According  to  Hayem,  in  the  same  conditions  in  which  this  uncon- 
firmed phenomenon  occurs  (therefore  in  progressive  pernicious  anemia), 
a  diminution  of  the  blood-platelets,  which  is  often  considerable,  is  regu- 
larly found.  Van  Emden  found  64,000  and  32,000  per  c.nmi. ;  in  other 
words,  only  the  twentieth  part  of  normal  or  less  than  this. 

CLINICAL  ALTERATIONS  IN  THE  GENERAL  CONDITION  AND  IN  THE 
INDIVIDUAL  ORGANS. 

Among  the  subjective  symptoms  general  weakness  is  most  tor- 
menting. The  loss  of  muscular  power  forces  the  patient,  even  when  the 
disease  is  only  moderately  severe,  to  an  extreme  restriction  of  exercise 
and  to  absolute  rest  for  the  greater  part  of  the  day. 

[On  the  other  hand,  the  strength  of  some  patients  is  extraordinary, 
even  to  a  late  period  of  the  disease.  The  editor  observed  one  case  in 
a  man  who  was  able  to  continue  an  unusually  laborious  occupation  when 
his  blood-count  was  reduced  to  1,000,000  and  the  hemaglobin  to  22 
per  cent. ;  even  more  striking  instances  than  this  are  reported  in  the 
literature. — Ed.] 

Certain  symptoms  are  aroused  or  increased  by  muscular  effort,  for 
instance,  vertigo,  pa]j)itation,  dyspnea,  and  cardiac  oppressi(m.  Painful 
sensations  occur  in  the  region  of  the  digestive  tract,  either  spontaneously 
or  after  taking  food.  As  in  chlorosis,  a  dull  sensitiveness  of  the  bones, 
especially  the  tibia  and  sternum,  is  frequently  present ;  percussion  of 
these  bones  then  produces  severe  pain. 

Obedience  to  the  demand  for  rest  is  often  opposed  by  a  marked 
degree  of  sleeplessness  continuing  for  weeks.  This  is  produced  in  part 
by  other  disturbances,  for  instance,  of  the  heart.  This  sleeplessness  is 
extremely  difficult  to  combat,  and  forces  us  sometimes  to  the  employ- 
ment of  morphin,  in  s])ite  of  the  fact  that  in  all  cases  of  this  kind 
narcotics  should   be  prescribed  with  the  greatest  caution. 

The  jiallor  of  the  skin  and  of  the  visible  mucous  membranes  is 
marked  even  in  the  early  stages,  and  is  of  a  quite  peculiar  tint,  which 
is  only  incompletely  characterized  by  the  general  designation  "  wax- 
like, death-like."  Still  this  peculiarity  is  described  with  difficulty,  since 
words  are  lacking  to  express  the  fine  shades  by  which  the  ashen  yellow 
of  Biermer's  disease  is  differentiated  from  severe  chlorosis  or  advanced 
cachexia.  That  these  indefinite  though  still  evidently  pronounced  dif- 
ferences exist  is  shown  by  the  fact  that  anyone  who  has  seen  several 
typical  cases  of  progressive    pernicious    anemia  is  sometimes  aljle  to 
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make  a  diagnosis  on  the  first  glance,  which  further  inv^estigation  con- 
firms. In  addition  to  the  intensity  and  the  peculiar  character  of  the 
pallor,  the  majority  of  cases  show  a  puffiness  of  the  face,  especially  of 
the  under  eyelids,  together  with  an  indescribable  languid  expression  of 
countenance. 

Every  trace  of  redness  often  disappears  from  the  conjunctiva  and 
the  lips  in  outspoken  cases.  Rarely  an  evident  icterus,  though  not 
marked,  is  observed  in  the  skin  and  conjunctiva  (Quincke). 

The  skin  is  ordinarily  dry,  yet  profuse  outbreaks  of  perspiration 
are  readily  produced  by  slight  influences,  emotional  excitement,  insig- 
nificant bodily  efforts,  etc. 

A  symptom  which  is  practically  never  wanting  is  edema,  especially 
of  the  legs  and  of  the  under  eyelids,  though  it  is  also  seen  in  other 
places  on  the  body.  The  swelling  is  practically  never  marked,  but  is 
very  persistent,  and  is  noticeable  as  one  of  the  earliest  symptoms  of 
the  disease ;  moreover  it  readily  occurs  again  in  patients  who  otherwise 
show  a  complete  remission.  The  comparatively  slight  grade  of  the 
edema  and  its  independence  of  body  position  makes  it  probable  that  it  is 
not  due  to  stasis,  but,  as  in  other  anemias,  to  the  alterations  in  the 
blood-vessel  walls  described  by  Cohnheim. 

[Thomas  Houston^  has  made  some  investigation  of  the  edema  of 
anemic  conditions  and  finds  in  the  edema  the  cause  of  the  retention 
of  body  weight  of  patients  having  pernicious  anemia.  A  gain  in  body 
weight  in  pernicious  anemia  when  unattended  w'ith  increase  of  hemo- 
globin indicates  dilution  of  the  blood  and  escape  of  serum  into  the 
tissues.      It  is  therefore  an  unfavorable  sign. — Ed.] 

Small  hemorrhages  about  the  size  of  the  head  of  a  pin  in  the  skin 
and  mucous  membrane  of  the  mouth  are  among  the  most  frequent 
symptoms.  From  the  observations  in  the  literature,  large  extravasa- 
tions appear  to  be  very  rare. 

In  the  diagnosis  of  some  cases  it  is  important  to  remember  that 
Laache  several  times  observed  a  dirty-yellowish  pigmentation  of  the 
skin  which  recalled  Addison's  disease.  The  suprarenal  capsules  in 
these  cases  were  normal.  Immermann  also  reports  2  cases  of  pro- 
gressive pernicious  anemia  in  which  an  outspoken  bronzing  of  the  skin 
developed ;  in  1  which  came  to  autopsy  the  suprarenal  capsules  were 
likewise  found  intact. 

A  peculiar  and  undoubtedly  rare  symptom  has  been  reported  by 
Eichhorst.  He  observed  several  cases  in  which  the  patients  "dis- 
seminated to  a  considerable  distance  a  very  repulsive  fecal,  disgusting 
'  Brit.  Med.  Jour.,  June  14,  1902. 
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cadaveric  odor/'  which  was  evidently  not  the  fetor  ex  ore  described  by 
several  other  writers.  This  symptom  occurred  usually  in  comatose 
patients  two  or  three  days  before  death.  After  death  the  odor  was  no 
longer  apparent. 

The  nutritive  condition  of  the  patient  remains  good  even  after 
the  disease  has  lasted  many  months,  and  in  cases  that  prove  fatal  with- 
out complications  the  subcutaneous  fat  is  still  found  well  developed. 
Only  when  obstinate  vomiting  and  diarrhea  persist  for  a  long  time  do 
we  see  marked  loss  in  weight.  Though  in  many  cases  the  condition  of 
nutrition  is  moderately  good  while  the  amount  of  nourishment  taken  is 
extremely  small,  this  is  due  to  the  lowered  metabolism  on  the  part  of 
the  patient,  who  on  account  of  exhaustion  avoids  every  superfluous 
movement. 

The  observations  on  metabolism  in  progressive  pernicious  anemia 
correspond  exactly  with  those  made  in  other  forms  of  anemia.  These 
show  that  the  process  of  oxidizaiion  is  not  different  from  that  in  health, 
in  fact,  according  to  Kraus,  Thiele  and  Nehring,  and  others,  it  is 
slightly  increased  in  comparison  with  the  normal.  How  the  organism 
accomplishes  a  normal  oxygenation  in  spite  of  the  marked  absolute 
diminution  in  hemoglobin  and  red  blood-corj)uscles  has  been  discussed 
previously. 

Investigations  on  albuminous  decomposition  in  progressive  pernicious 
anemia  were  undertaken  by  H.  Miiller,  Ferrand,  Eichhorst  and 
Quincke,  and  Laache,  though  they  did  not  make  estimations  of  the 
total  urinary  nitrogen,  but  of  the  urea.  Their  results  are  contradictory. 
Ferrand  and  Miiller  claimed  a  considerable  diminution  in  the  excretion 
of  urea,  while  the  others  found  what  under  normal  circumstances  would 
be  a  decided  increase,  and,  considering  the  extremely  lowered  nourish- 
ment, must  be  designated  as  a  striking  increase.  Quincke,  for  instance, 
found  in  1  case  an  excretion  of  44  gm.  of  urea  in  twenty-four  hours.  In 
general,  periodic  fluctuations  were  noticeable,  and  Laache  states  that  the 
amount  of  urea  increased  especially  during  regeneration  simultaneously 
with  the  new  formation  of  blood-corpuscles.  From  estimations  of  the 
amount  of  nitrogen,  Bohland  found  in  2  cases  of  severe  ankylostoma 
anemia  a  very  decided  increase  in  albuminous  decomposition,  which  he 
attributed  not  to  the  anemia,  but  to  the  effect  of  a  specific  worm   toxin. 

[Hosenqvist '  has  studied  the  metabolism  in  ])ernicious  anemia.  In 
21  cases  of  botliriocephalus  anemia  and  in  3  cases  of  cryptogenetic  per- 
nicious anemia  metabolic  investigations  were  made.  Before  the  dis- 
charge of  the  parasite,  he  found  in  the  majority  of  cases  an  increase  in 

»  Zeitsckr.f.  kiln.  Med.,  1903,  XLIX.,  1,  2,  8,  4,  p.  193. 
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albuminous  destruction,  but  after  the  discharge  of  the  worm  an  albu- 
minous increase  takes  place.  The  nitrogen  balance,  however,  remains 
positive,  even  when  the  parasite  is  present,  and  he  believes,  therefore, 
that  the  destruction  of  albumin  is  a  periodic  one.  The  same  sort  of 
periodic  destruction  and  augmentation  is  observed  in  idiopathic  per- 
nicious anemia. — Ed.] 

In  color,  daily  amount,  specific  gravity,  and  reaction,  the  urine 
shows  no  special  peculiarities,  the  fluctuations  in  uncomplicated  cases 
lying  within  the  normal  limits.  Still,  it  must  be  noted  that  very  often 
(according  to  Schauman),  without  exception,  a  pronounced  iudican  reac- 
tion can  be  obtained,  to  which  H.  Miiller  called  attention  in  his  first 
publication.  As  a  sign  of  increased  urinary  decomposition  other  bodies 
besides  indican  have  been  found  in  the  urine  by  Hunter ;  for  example, 
the  so-called  putresciu  and  cadaverin  (tetra-  and  pentamethylendiamin). 

Laache's  observation  of  a  hematuria,  which  must  be  considered  a 
great  rarity,  is  to  be  regarded  as  an  associated  symptom  of  the  general 
hemorrhagic  diathesis.  In  this  connection  we  must  expressly  insist 
that  a  hemoglobinuria  has  never  been  seen  in  cases  absolutely  determined 
to  be  progressive  pernicious  anemia.  The  hemoglobinuria  occurring 
after  transfusion  of  blood  has  nothing  to  do  with  the  disease. 

An  abnormally  high  percentage  of  urobilin  has  been  demonstrated 
as  a  regular  occurrence  by  several  investigators.'  That  this  must  be 
regarded  as  a  direct  proof  of  an  increased  blood  destruction  has  been 
stated  in  another  section. 

In  a  large  number  of  cases  a  slight  degree  of  albuminuria  occurs 
which  responds  to  one  test  and  fails  in  the  next  on  the  same  day. 
Since  no  signs  of  inflammation  are  found  by  the  microscope,  provided 
the  cases  are  unassociated  with  complications,  the  simplest  explanation 
for  the  albuminuria  is  to  be  sought  in  alterations  of  the  kidney 
epithelium  produced  by  the  anemia.  Laache,  Birch-Hirschfeld,  and 
others  report  that  they  observed  in  several  cases  throughout  long 
periods  jjeptonuria  and  albimioswia  without  a  simultaneous  albuminuria. 

The  occurrence  of  sugar  in  the  urine  has  never  been  reported.  In  a 
recent  work  on  alimentary  glycosuria,  Niepraschk  studied  the  effect  of 
the  administration  of  grape-sugar  subcutaneously  and  large  amounts  of 
cane-sugar  per  os  in  1  case  of  progressive  pernicious  anemia.  After 
the  former  he  found  a  glycosuria  in  that  of  the  80  gm,  of  grape-sugar 
injected  (about  one-fourth  was  excreted),  though  after  eating  87.5  gm. 
of  cane-sugar  no  glycosuria  occurred. 

Laache  found  leucin  practically  constant  in  the  urine  of  progressive 

^  Hunter,  Mott,  (Jrawitz,  and  others. 
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pernicious  anemia.  He  found  fi/rosiu  in  3  cases,  v.  Noorden  in  2  cases 
sub  finem  vitae,  while  other  cases  failed  to  reveal  these  substances. 

Uric  acid  was  found  increased  both  absolutely  and  in  comparison 
with  the  urea  in  one  case  bv  Quincke.  The  former  figures  were  1  : 
11.5  gm.  (normal  1  :  50  gni.),  the  latter  1,7  gm.  (normal  0.5  :  1.0  gm.). 
This  increase  has  been  confirmed  by  other  investigators  in  several  cases, 
but  it  is  by  no  means  constant,  since  normal  averages  are  also  found. 

The  writer  mentions  the  finding  of  acetonuria  (v.  Jaksch),  diaceturia 
(v.  Noorden),  though  he  can  not  draw  any  conclusions  from  them. 

In  accordance  with  Ehrlich  and  Schauman,  the  writer  has  never 
been  able  to  find  the  dinzo-vedction  in  tlie  urine. 

In  reference  to  the  inorganic  constituents  of  the  urine,  it  must  be 
mentioned  that  Damaskin  often  found  the  quantity  of  iron  increased, 
which  is  probably  attributable  to  the  increased  destruction  of  red  blood- 


894 

AUGUST 

SEPT 

\IM? 

3 

•» 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

13 

19 

20 

2 

32 

Z3 

24 

25 

26 

27 

28 

29 

30 

31 

1 

Ml 

40 

1 

-   1 

39 

[-   1 

1 

1 

A 

' 

1 

/ 

1 

3a 

' 

J 

i| 

f 

V 

1 

J 

M 

' 

A 

\ 

\ 

V 

J 

' 

Ai 

r 

I 

) 

\ 

?1 

^ 

-- 

^ 

1 

V 

r 

s.' 

J 

. 

/V 

f 

\ 

A 

, 

r 

/ 

35. 

V 

V 

^ 

f 

i 

T 

r 

V 

'^ 

/ 

r 

V 

i 

1 

\, 

' 

V 

- 

- 

1 

I 

I 

l\ 

^ 

J 

1 

^ 

Fia.  6. 


corpuscles.  The  chlorids  are  excreted  in  amounts  corresponding  to  the 
quantity  of  nourishment.  The  phosphates  are  enormously  increased 
(v.  Noorden). 

Nothing  of  importance  can  be  added  to  Biermer's  original  descrip- 
tion in  regard  to  the  behavior  of  the  temperature.  It  shows 
no  constant  relation  to  the  severity  of  the  disease  or  its  individual 
stages.  In  a  patient,  for  instance,  whose  temperature-curve  is  given, 
the  improvement,  which  set  in  soon  after  her  admission  to  the  Moabit 
Hospital,  progressed  with  a  gradual  diminution  of  the  fever  (see 
Temperature-curve  I.,  Fig.  6).  On  the  other  hand,  ])atients  may  show 
for  many  weeks,  even  months,  a  pretty  severe  condition  without  the 
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temperature-curve  being  distinguishable  from  that  of  health.  In  still 
other  cases  absolutely  irregular  Huctuatious  of  temperature  may  be  seen, 
and  finally  these  differences  in  the  temperature  may  periodically  alter- 
nate with  one  another,  as  in  Temperature-curve  II.,  Fig.  7  (Laache). 

Elevations  of  temperature  to  40°,  40.5°,  40.8°  (Eichhorst),  as  well 
as  low  degrees  of  temperature,  especially  as  forerunners  of  coma  or 
during  coma,  have  been  observed.  For  instance,  H.  Miiller  found  in 
1  case  which  showed  a  subnormal  temperature  during  the  last  two 
days  a  temperature  shortly  before  death  of  25.8°  in  ano. 

[Osier  '  found  fever  in  three-fourths  of  his  cases. — Ed.] 

Schauman  observed  in  80.9  per  cent,  of  his  cases  of  bothriocephalus 
anemia  elevation^  of  temperature  associated  with  the  fluctuations  de- 
scribed above.  That  the  fever  in  bothriocephalus  anemia  stands  in  close 
relation  to  the  disease-process,  is  evident  from  Schapiro's  curve,  which 
shows  in  its  first  part  a  completely  irregular  type  of  fever,  while  after  the 
removal  of  the  worm  the  temperature  became  normal  in  a  few  days. 

No  satisfactory  explanation  for  the  origin  of  the  fever  and  its  ever- 
changing  behavior  in  progressive  pernicious  anemia,  has  been  given. 
Silbermann's  hypothesis  accords  best  with  the  facts,  namely,  that  a  fer- 
ment intoxication  is  produced  by  the  increased  destruction  of  blood- 
corpuscles,  which  in  turn  produces  the  fever.  There  are  undoubtedly 
consideral)le  differences  in  the  pathogenesis  of  isolated  cases,  and  we 
have  sufficient  grounds  for  the  assumption  that  an  increased  destruction 
of  blood-corpuscles  does  not  take  place  in  all  cases  by  any  means.  It 
is  possible  that  those  cases  in  which  it  does  not  occur  run  their  course 
without  an  elevation  of  temperature. 

The  alterations  on  the  part  of  the  circulatory  apparatus  have 
always  attracted  the  greatest  attention  from  clinicians.  In  the  first 
place,  we  may  mention  subjective  cardiac  sensations  consisting  in  vio- 
lent palpitation  and  tormenting  anxiety  which  rob  the  patient  of  sleep, 
induce  severe  dyspnea,  and  make  him  restless  in  his  efforts  to  alleviate 
his  distress  by  a  change  in  position.  In  less  severe  cases  these  disturb- 
ances are  not  continuous,  but  are  brought  on  by  excitement,  slight 
bodily  effort,  etc.  Even  in  very  mild  cases  a  marked  palpitation  may 
appear  in  response  to  insignificant  irritation,  which  is  exceedingly  tor- 
menting and  only  gradually  ceases. 

Upon  objective  examination  of  severe  cases  we  find  a  marked  move- 
ment of  the  whole  cardiac  region  in  which  the  apex-beat  is  scarcely  visi- 
ble. On  palpation,  the  apex-beat  is  more  or  less  evidently  apparent  in 
its  normal  situation.  Percussion  shows,  as  a  rule,  normal  cardiac  dul- 
*  The  Principles  and  Practice  of  Medicine. 
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ness,  though  sometimes  as  an  expression  of  complicating  hydroperi- 
cardium  there  is  a  moderate  enlargement  toward  the  right.  Auscultation 
discovers  over  all  ostia  an  evident,  sometimes  soft,  sometimes  rouo-h 
blowing  systolic  murmur.  The  diastolic  sound  is  almost  always  pre- 
served (yet  according  to  Biermer  diastolic  murmurs  may  occur  without 
valvular  disease  being  found  post  mortem).  It  is  impossible  in  severe 
cases  to  decide  on  one  examination  whether  an  organic  heart  disease  is 
present  or  whether  the  symptoms  are  to  be  attributed  entirely  to  the 
anemia.  The  latter  assumption  would  be  naturally  supported  by  a  normal 
percussion-area  and  a  regular  rhythm,  while  organic  disease  would  be  in- 
dicated by  a  stormy  heart  action  and  intense  murmurs.  If  fever  simul- 
taneously exists,  the  suspicion  of  an  acute  endocarditis  may  be  aroused. 
This  description,  which  corresponds  to  the  most  advanced  cases,  is 
subject  to  every  gradation.  The  murmurs  especially  may  show  altei-a- 
tions  of  intensity  and  diifereuces  in  their  location.  They  may  be  heard 
simultaneously  over  all  ostia,  or  again  over  any  one  exclusively  ;  even 
the  diastolic  murnuir  is,  according  to  Eichhorst,  very  variable  in  its 
localization.  That  the  marked  accentuation  of  the  second  pulmonary 
tone  is  by  no  means  an  evidence  of  a  valvular  defect  is  shown  by  the 
further  history  of  the  cases  and  the  postmortem  reports.  In  indi- 
vidual cases  the  symptoms  fluctuate  considerably  and  often  show 
decided  variations  within  days  or  even  hours,  which  is  the  best  proof 
against  organic  disease. 

No  strict  correspondence  between  the  intensity  of  the  anemia  and 
the  severity  of  the  cardiac  symj^toms  appears  to  exist.  In  Schauman's 
statistics  of  cases  in  which  no  cardiac  murmurs  were  audible  we  find 
advanced  cases  with  only  275,000  red  blood-corpuscles.  Yet  when 
cardiac  symptoms  are  found  during  the  course  of  progressive  pernicious 
anemia  they  increase  or  decrease,  corresponding  to  the  increase  or 
.decrease  of  the  anemia. 

It  is  not  to  be  doubted  that  all  these  symptoms,  the  subjective  dis- 
turbances as  well  as  the  dilatation  and  the  murmurs,  are  attributable  as 
a  rule  to  the  changes  iu  the  heart  described  in  the  section  on  Pathologic 
Anatomy.  Still  the  great  number  of  tlieorics  concerning  this  point 
demonstrate  that  the  explanation  of  the  connection  between  the  two  is 
not  satisfactory.  Moreover,  it  should  be  mentioned  that  Strieker  and 
Rosenstein  each  described  a  case  of  progressive  pernicious  anemia  in 
wluch,  during  life,  systolic  murmurs  were  heard  over  the  heart,  while 
after  death  no  fatty  degeneration  of  the  cardiac  muscle-fibers  or  disease 
■of  the  valves  was  found.  In  such  cases  the  heart-murmurs  can  appar- 
rently  be  attributed  only  to  the  altered  composition  of  the  blood. 
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lu  regard  to  the  other  portions  of  the  circulatory  apjiaratus,  the  fiinc- 
ti(Mial  miirinurs  which  are  frecpiently  heard  over  the  juguhir  veins  on 
one  or  both  sides  must  be  mentioned ;  in  other  not  less  severe  cases 
these  murmurs  are  wanting. 

Eichhorst  and  Schauman  frequently  observed  active  pulsation  in 
the  carotids,  and  heard  in  other  ])eripheral  arteries  a  clear,  loud  systolic 
sound. 

The  pulse  in  the  radial  artery  shows  in  all  cases  a  marked  diminu- 
tion of  tension,  and  in  different  patients  considerable  variations  in  size. 
The  frequency  is  invariably  increased ;  it  runs  during  rest  between  90 
and  100,  is  readily  increased  to  110  and  120  by  slight  irritation,  and 
even  during  complete  remission  continues  over  80.  [Osier  states  that 
the  pulse  is  full  and  strong  and  frequently  suggests  the  water-hammer 
pulse.     A  capillary  ])ulse  is  frequently  noted. — Ed.] 

There  is  nothing  to  note  in  regard  to  special  symptoms  on  the  part 
of  the  respiratory  apparatus.  The  dyspnea  mentioned  above  is 
merely  a  result  of  the  cardiac  disturbances.  In  severe  cases  serous 
hemorrhagic  transudates  may  be  found  in  the  diaphragmatic  space.  It 
is  to  be  added  that  Schauman  observed  hemorrhagic  fibrinous  clots 
coughed  up  a  few  days  ante  mortem. 

Tlie  digestive  tract,  on  tlie  contrary,  plays  a  prominent  role  in 
the  clinical  picture  as  well  as  in  the  etiology  and  anatomy.  In  the  first 
place,  we  may  mention  a  serious  loss  of  appetite,  which  in  severe  cases 
increases  to  an  unconquerable  distaste,  even  repugnance,  for  every  form 
of  nourishment  and  for  individual  dishes.  The  writer  has  several 
times  observed  patients  who  took  their  ordinary  nourishment  without 
appetite,  but  acquired  an  unconquerable  distaste  for  meat,  which  up  to 
that  time  they  were  fond  of.  They  refused  the  smallest  morsel  for  weeks 
at  a  time,  no  matter  in  what  form  it  might  be  offered.  In  other  severe 
cases  the  appetite  remains  undisturbed  and  boulimia  has  even  been 
reported  by  several  clinicians. 

A  symptom  mentioned  by  several  recent  authorities  consists  in  an 
exceeding  xcn.Hifivcncs.s  of  tJie  tongue  and  the  mucous  membrane  of  the 
hard  palate,  the  cheeks,  and  the  gums.  In  one  of  the  writers'  cases 
this  sensitiveness  was  sliown  especially  in  regard  to  vegetable  acids,  and 
wine,  grapes,  apples,  etc.,  produced  the  most  tormenting  burning.  On 
examination  the  writer  found  on  the  tip  and  back  of  the  tongue  and  on 
the  mucous  membrane  of  the  cheeks  circumscribed  reddish-brown 
mahogany-like  discolorations,  of  punctate  to  dime  size,  which  were 
undoubtedly  the  sites  of  hyperestliesia.  It  is  very  probable  that 
these  represented  hemorrhages  into  the  mucous  membrane.     In  another 
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patient  (a  female)  an  intense  painfulness  of  the  tongue  and  the  gums 
appeared  as  the  first  symptom  of  the  disease,  lasted  three  weeks,  and 
disappeared  under  symptoms  of  marked  salivation.  Ewald  observed 
in  1  case  round  vesicles  the  size  of  the  head  of  a  pin  on  the  tip  of 
the  tongue,  its  internal  surface,  and  on  the  mucous  membrane  of  the  lips 
and  cheeks,  which  rapidly  disappeared  and  left  behind  a  surfoce 
desquamated  of  epithelium.  He  considers  this  process  to  be  similar 
to  the  erythema  bullosum  described  by  O.  Rosenthal. 

A  feeling  of  excoriation  in  the  mouth  and  thoughout  the  whole 
length  of  the  esophagus  has  been  observed  by  H.  Miiller  and  Laache 
in  several  patients.  Yet  we  must  not  forget  that  the  persistent  use  of 
arsenic  can  produce  the  same  symptoms. 

Vomiting  is  very  frequent.  In  severe  cases  it  may  become  violent 
and  uncontrollable,  and  then  render  the  taking  of  nourishment  almost 
impossible;  in  other  cases  it  appears  only  after  hearty  meals.  The 
vomit  consists  merely  of  food  masses  or  greenish  mucus.  In  1  case 
of  H.  Mailer's  traces  of  blood  were  found  in  the  vomit,  and  Barclay 
observed  shortly  before  the  death  of  a  patient  "  dark  masses  in  the 
vomit." 

As  in  simple  anemias,  we  find  associated  with  the  vomiting  and 
independent  of  it  intense  painfulness  of  the  gastric  region,  which  is 
diffuse  or  circumscribed  and  manifests  itself  spontaneously  or  only  on 
pressure.  The  abdomen  is  frequently  somewhat  distcud'ed,  but  soft 
and  readily  compressible.  Pulsation  of  the  epigastric  region  is  fre- 
quent. 

A  chemic  investigation  of  the  gastric  juice  has  been  recently  carried 
out  with  especial  attention  to  the  frequently  associated  atrophy  of 
the  gastric  mucous  membrane.  Exact  figures  can  not  at  present  be 
given,  yet  in  an  exceedingly  large  proportion  of  cases  there  was  a 
marked  diminution  of  the  gastric  secretion,  even  to  its  complete  absence 
("achylia  gastrica  ").  These  investigations  were  made  principally  by 
Schauman  and  Martius.  Of  11  patients  of  the  former,  10  showed  no 
free  hydrochloric  acid.  [In  a  recent  communication  Einhorn  '  denies 
the  asserted  relationship  of  pernicious  anemia  and  achylia  gastrica.  In 
these  cases  the  gastric  juice  Mas  present  and  even  normal. Ed.] 

Moreover,  ]\rartius,  in  his  frequently  quoted  monograph,  showed 
that  the  achylia  was  not  always  attributable  to  atrophic  conditions.  In 
cases  in  which  the  absence  of  hydrochloric  acid  was  determined  a  more 
or  less  extensive  atrophy  of  the  gastric  mucous  membrane  was  usually 
found  post  mortem,  yet  the  finding  of  hydrochloric  acid  constituteil  no 
1  Med.  Record.  Feb,  28,  1903. 
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positive  proof  that  the  mucous  membraue  was  uninjured,  for  1  such 
case  of  Koch's  showed  a  marked  degree  of  atrophy. 

Disturbances  of  intcstindl  activity  are  very  frequent  and  vary  in  kind 
and  degree.  In  one  series  of  cases  we  see  obstinate  constipation,  in 
another  persistent  diarrhea,  and  even  an  alternation  of  the  two  in  the 
same  patient,  while  still  others  manifest  an  absolutely  normal  digestion. 

The  appearance  of  the  feces  shows  nothing  out  of  the  common, 
Isolated  cases  have  been  described  (Wallenstein,  quoted  by  Herz),  in 
which  the  evacuation  was  markedly  acholic,  indicating,  therefore,  a 
considerable  disturbance  in  fat  resorj)ti(tn.  On  microscopic  investiga- 
tion, which  should  be  frequently  repeated  in  every  case,  the  most  impor- 
tant occasional  finding  is  the  eggs  of  the  bothriocephalus  or  other  intes- 
tinal worm.  The  discovery  of  leucin  and  tyrosin  crystals,  to  which  some 
significance  was  attributed  at  the  beginning,  is,  according  to  Eichhorst, 
characteristic  only  for  the  diarrheal  stools,  and  not  for  the  progressive 
pernicious  anemia.  [A  case  reported  by  Jiirgensen,  in  which  "  marked 
anemia  "  disappeared  after  administration  of  purges  and  the  discharge 
of  immense  numbers  of  Bacterium  termo,  and  the  recent  case  of  Pase,^ 
in  which  the  presence  of  large  numbers  of  a  long  bacillus  in  the  stools 
was  a  notable  feature,  may  be  recalled  in  this  place.  Hunter's  recent 
claims  regarding  gastro-intestinal  streptococcus  infection  may  also  be 
noted. — Ed.] 

The  absorptive  activity  of  tJie  intestine  can  be  determined  from  the 
general  condition  of  the  patient  and  the  general  composition  of  the 
stools.  The  comparatively  good  nutritive  condition  shows,  as  in  other 
anemias,  that  severe  disturbances  of  resorption  are  not  characteristic 
of  anemia  ;  in  fact,  only  disturbances  of  fat  absorption,  as  previously 
mentioned,  have  so  far  been  determined  with  certainty.  [Bloch  - 
has  found  that  a  considerable  proportion  (up  to  20  per  cent.)  of  the 
nitrogen  of  the  food  is  passed  in  feces  unused,  because  of  insufficiency 
of  the  intestinal  glands ;  but  even  with  marked  atrophy  of  the  mucous 
membrane  the  absorption  of  food  may  be  good. — Ed.] 

The  increased  quantity  of  decomposition-products  in  the  urine 
points  to  abnormal  decomposition  of  albumin  in  the  intestine.  [Bloch  ^ 
has  recently  investigated  the  occurrence  of  indicanuria  and  finds  this 
by  no  means  a  constant  condition.  AVhen  present  it  is  due  to  inter- 
ference with  the  bowel  movements. — Ed.] 

On  the  part  of  the  peritoneum  no  conspicuous  clinical  symptoms  are 
apparent,  tliough  antemortem  a  slight  grade  of  ascites  may  be  found. 

1  Riforma  Med.,  1899,  p.  103.  •■'  Deutsch.  Archiv  f.  klin.  Med.,  Bd.  Ixxvi. 

'  Deutsch.  Archiv  f.  klin.  Med.,  Bd.  Ixxvii. 
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normal'  '"^UU  "'T  '''™'"  °'  "°™'''  ^''^'^  "'  ^''■^^-'>="  -■>"-  than 
normal.     Shght  enlargements,  to  the  palpating  finger,  are  sometime, 

pressme       [In    McCrae's  senes  of  40   cases,'  a   palpable  spleen  was 
fonnd  .n  0  cases,  but  the  enlargement  was  never  coLiLable.-ED 

Natui^lly   w,th  a  s,«cial    etiology  for  the  progressive    pernio  ons 
a„em,a    for  mstance,   malaria,  a  large  splenic  tnmor  may  be  fZ 
wthont  the  necess,ty  of  making  snch  a  ease  an  exception,  s'ill  rlrt 
of  cases  w.th   very  large   splenic  tumors  of  unknown   origin  are  no 
mfrequent,  espec.ally  in  the  older  literature.     As  long  as  these  rlorte 
are  not  completed  by  a  very  careful  analysis  of  the  blood,  is  mpo 
s.ble  to  decKle  whether  they  are  to  be  reckoned  with  proo-rcssivc  aZ  a 
or   pseudoleukemia  or  some  other  group  of  diseases.     Thrrricrb     ' 
had  the  opportumty  .several   times  of  examining  patients  with  severe 
anem.a  as.soc,ated  w,th  considerable  enlargement  of  the  spleen,  yet  on  a 
careful  blood  exam.nation  he  has  never  obtained  the  eharaeterist  c  piet  re 
of  progressive  pem.cous  anemia.     [A  ease  of  typical  pernicious    nem ia 
uthout  ma  anal  hstory  has  been   under  the  editor's  observation  in 
s  vera    rem,ss,on.s,  m  each  of  which  very  considerable  enlargement  rf 
h    spleen  wa.s  present.     In  one  of  Palmer  Howard's  cases  (quoted  by 

a^!  5d^ri!o  ""     """'"  ''■^**""^  ""^  '"'""  ''"''"'  '  '" 

presLt."^^''  '"  ""'  '""'^  '™''"''''"  ''°"'''''"'  '"  ''^  ""''  *'""1<'^  o" 
The  lymph-glands  accessible  to  clinical  examination  are  found 

of  t^Hb",  "^    ,  "'"^  '","""■■  °""''  '"■'^''^^^-     [P'^^^'og-  -"ditions 
later  -Ed.]    "  '""''''  '^'"P'^-g'-d^  »•"'  be  referred  to 

apparatus '""t-  '" , '"  ,'"  """'^'"  ""  "'^  P"''*  "'  "«  ^^^"^1 
apparatus,   o,n,ttmg  the  almost   regular  cessation   of  n.enstruatiou 

Laac  e  observed   in   1   case  the  menses,   which  had   failed  for  som" 
months,  appear  again  .several  weeks  before  death 

nnring  the  last  fifteen  years  attention  has  been  directed  to  the  alter- 
afons  m  the  central  and  peripheral  nervous  system.  AVhile  refer- 
nng  to  the  alterations  to  be  dcseribd  in  the  anatomic  section,  the  writer 
wshcs  to  mcnt  o„  here  the  clinical  peeuliarties  in  order  to  sh  wh  wfa 
they  CO  respond  w,th  the  anatomic  findings,  and  what  relation  thev  bear 
to  the  clinical  course  of  the  disease. 

the  SI'.'  r""™'""'  "^  '"'''"™'  '"  '""  '"■"'"'  *'  «P"-'  -^d,  and 

lut  peupiieral  nerves. 

'  Jour.  Amer.  Med.  Assoc,  Jan.  18,  1902. 
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The  psychic  behavior  of  the  patient  in  certain  severe  cases  shows 
how  the  cerebral  functions  are  drawn  into  sympathy.  Thns  we 
sometimes  find,  Ibr  instance,  contrary  to  the  increased  general  irritability 
so  frequently  seen  in  all  anemias,  a  stupid  indifference  to  surroundings, 
to  external  impressions,  and  to  the  disease  itself.  The  writer  has  ob- 
serv^ed  such  symptoms  in  a  case  which,  as  far  as  the  physical  con- 
dition was  concerned,  was  still  in  a  very  early  stage  of  j^ernicious 
anemia.  According  to  the  accounts  of  his  relatives  he  had  shown  until 
shortly  before  not  the  slightest  abnormality  in  his  mental  behavior. 
The  first  disease  symptom  which  was  remarked  was  that  the  patient, 
up  to  that  time  industrious,  ceased  work  without  giving  any  explanation 
and  without  defending  himself  from  the  reproaches  made  on  account  of 
his  idleness.  He  bore  without  contradiction  his  transference  to  the 
hospital.  Here  he  showed  himself  absolutely  without  concern  and 
without  will.  On  command  he  would  perform  any  little  task  in  the 
ward  or  in  the  kitchen,  but  if  left  to  himself  he  spent  the  whole  day 
without  manifesting  the  slightest  interest  in  his  surroundings.  His 
memory  too  seemed  decidedly  influenced.  In  1875  Schule  reported  3 
cases  with  psychoses  (melancholia,  dementia).  During  life  their  pallor 
was  striking,  and  on  post  mortem  lesions  corresponding  to  a  progressive 
pernicious  anemia  M'ere  found. 

In  certain  cases  we  see  violent  emotional,  even  maniacal,  attacks, 
delirium,  and  hallucinations.  These  outbreaks  are  usually  only  trans- 
itory, and  intermit  with  the  previously  mentioned  apathy.  Occasionally 
we  see  a  comatose  condition.  This  is  usually  a  terminal  symptom, 
though  exceptionally  the  patient  may  awake  from  a  pronounced  coma 
and  recover  completely. 

Numerous  disturbances  of  a  somatic  nature  due  to  actual  disease  of 
the  cerebrum  have  been  observed.  A  most  important  cerebral  symptom, 
rigidity  of  tiie  pupil,  was  described  by  ISIinnich  in  one  of  the  first  cases. 
Biermer,  H.  Midler,  Laache,  Nonne,  and  others  report  cases  of  pro- 
gressive pernicious  anemia  in  the  course  of  which  transient,  slight 
pareses  of  one-half  of  the  face,  a  transitory  hemiplegia,  paresthesias 
of  different  kinds,  motor  irritative  symptoms  of  one-half  the  body, 
aphasic  conditions,  symptoms  of  vertigo,  and  weakness  of  memory 
occurred. 

Disturbances  of  speech  are  not  rare.  For  instance,  the  pre- 
viously mentioned  })atient  manifested  a  slow,  yet  indistinct,  stammering 
speech,  noticeable  especially  in  connection  with  the  well-known  difficult 
test- words.  This  case,  however,  produced  the  impression  that  there  was 
less  an  inability  to  form  the  words  than  a  weakness  of  will. 
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The  investigations  on  the  alterations  of  the  spinal  cord  are  more 
numerous  than  significant.  Since  Leichtenstern  in  1883  first  described 
2  cases  manifesting  tabetic  symptoms,  the  neurologists  have  devoted 
special  attention  to  these  conditions  so  important  in  the  pathology  of 
progressive  pernicious  anemia.  The  primary  observations  on  which 
the  present  conclusions  are  based  are  due  particularly  to  the  investi- 
gations of  Lichtheim,  Minnich,  Eisenlohr,  and  Nonne.  [Burr  ^  has 
reported  a  series  of  cases  with  studies  of  the  lesions. — Ed.] 

The  clinical  symptoms  of  spuml  disease  described  in  connection  with 
progressive  pernicious  anemia  are  manifold.  In  the  first  place,  the 
general  muscular  weakness  found  in  almost  all  forms  of  anemia  may 
reach  such  a  high  grade  in  pernicious  anemia  that  the  limbs  appear 
almost  paralytic.  It  can  scarcely  be  doubted  that  the  disturbance  of 
movement  in  these  cases  is  not  attributable  entirely  to  the  atrophy  and 
degeneration  of  the  muscles,  but  a  disturbance  of  innervation  must  also 
be  taken  into  consideration.  Moreover,  on  account  of  the  rarity  and 
insignificance  of  peripheral  nervous  disturbances  in  pernicious  anemia, 
these  symptoms  point  to  a  participation  of  the  spinal  cord. 

In  a  second  group  of  cases  are  encountered  disturbances  of  sensi- 
bility and  motility  which  resemble  more  or  less  those  ordinarily  seen  in 
tabes.  In  fact,  the  whole  classic  symptom -complex  of  tabes  dorsal  is 
may  be  present :  Abolishment  of  the  patellar  reflex,  rigidity  of  the 
pupil,  pronounced  ataxia,  paralysis  of  the  bladder  and  rectum,  lancin- 
ating ])ains,  anesthesias  and  paresthesias.  Again,  the  disease-picture 
may  deviate  in  individual  symptoms  from  that  of  tabes,  just  as  genuine 
locomotor  ataxia  itself  does  not  always  present  the  entire  syndrome 
fully  developed. 

In  contrast  to  the  tabetic  cases  there  are  a  few  which  present  the  clin- 
ical symptoms  of  spastic  spinal  paralysis,  exhibiting  spastic  paresis  of  the 
extremities  and  increased  patellar  reflexes  (Leyden,  Eisenlohr,  Brasch). 

The  cases  imitating  a  pure  form  of  tabes  and  spastic  spinal  paralysis 
constitute  only  the  limits  within  which  a  number  of  disease-pictures 
arise  with  every  variation  of  the  clinical  spinal  symptoms.  Transitions 
are  not  infrequently  observed  of  sucli  a  nature  that  tlie  reflexes  pri- 
marily increased,  are  later  abolished,  or  the  reverse,  namely,  the  disap- 
pearance of  a  Westplial's  symj)tom  after  it  has  persisted  for  some  time, 
and  the  return  of  a  normal  reflex  irritability  (Brasch). 

[McCrae^  found  nervous  symptoms  in  27  per  cent,  of  his  series  of 
40  cases,  and  McPhacdran  ^  records  such  symptoms  in  over  40  jicr  cent. 

'  University  Med.  M<uj.,  1895.  -Jour.  Amer.  Med.  Assoc,  Jan.  18,  1902. 

8  Lancet,  Jan.  18,  1902. 
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of  bis  cases.  The  prevailing  type  iu  McCrae's  cases  was  some  sort  of 
sensory  disturbance,  especially  in  the  extremities,  associated  M'ith  a  more 
or  less  spastic  condition.  Brown,  Langdon,  and  AA^olfttein  •  report  1 
case  of  combined  sclerosis  of  the  Lichtheim-Putnam-Dana  type ;  and 
Batten  ^  1  of  subacute  combined  degeneration  of  the  cord.  Henry  ^ 
records  an  instance  of  extensor  palsy  of  the  hands  and  feet  evidently 
due  to  peripheral  neuritis.  He  considers  the  possibility  of  arsenical 
neuritis  in  this  case,  but  does  not  accept  this  explanation.  The  editor 
in  commenting  on  Henry's  case  *  holds  a  contrary  view,  and  refers  to 
cases  of  distinct  arsenical  neuritis  and  pigmentation  corresponding 
exactly  with  Henry's  case.  It  may  be  added  that  tingling,  numbness, 
etc.,  are  frequent  symptoms  in  pernicious  anemia  and  other  diseases  in 
which  large  doses  of  arsenic  are  administered.  F.  Billings  ^  discusses  the 
nervous  symptoms  of  pernicious  anemia.  Of  the  41  cases  recently 
under  his  observation,  paresthesia  occurred  in  40.  In  27  cases  there 
were  subjective  disturbances  only.  In  1 1  cases  there  was  a  spastic  and 
usually  also  an  ataxic  condition  which  steadily  increased.  In  3  cases 
flaccid  paraplegia  with  loss  of  knee-jerk  and  of  control  of  the  bladder 
and  rectum  eventually  developed.  Girdle  sensation  was  present  in  all 
of  the  cases  that  developed  spasticity.  Billings  believes  that  it  is  prob- 
able that  these  changes  are  produced  by  a  toxin  which  tends  in  one  case 
to  produce  hemolysis,  in  another  case  degeneration  and  sclerosis  of  tissue, 
while  in  the  third  case  it  causes  both  kinds  of  change.  This  toxin  is 
most  probably  gastro-intestinal  in  origin.  He  does  not  believe  there  is 
any  essential  diiference  between  the  spinal  sclerosis  of  pernicious  anemia 
and  that  which  occurs  independently. — Ed.] 

No  symptoms  of  importance  are  to  be  described  in  connection  with 
the  peripheral  nerves.  As  results  of  the  defective  circulation,  possibly 
also  of  the  alterations  in  the  spinal  cord,  may  be  mentioned  pares- 
thesias, like  formication  and  rheumatic  pains,  particularly  in  the  lower 
extremities.  One  of  the  writer's  patients  manifested  for  years  severe 
migraine  attacks,  which  ceased  about  the  time  when  the  progressive 
pernicious  anemia  began. 

There  is  a  marked  inconforniity  between  the  anatomic  alterations  of 
the  nervous  system  (described  under  their  proper  head)  and  the  clinical 
symptoms.  On  section  evident  lesions  may  be  found  in  the  spinal  cord 
without  clinical  symptoms  during  life  (Nonne) ;  and  reversely  severe 
functional  disturbances  may  attract  the  attention  of  the  clinician  without 

'  Jour.  Amer.  Med.  Asaoc,  March  2,  1001.  '^Lancet,  -Jan.  19,  1901. 

'  Amer.  Jour.  Med.  ScL,  Aug.,  1900.  *  Chicar/o  Med.  Recorder,  Jan.,  1903. 

*  Progressive  Med.,  June,  1900. 
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the  pathologist  being  able  to  discover  an  anatomic  foundation  (Goebel). 
It  is  to  be  assumed  that  on  a  further  perfection  of  the  methods  the 
negative  findings  in  the  latter  case  will  be  narrowed  down. 

Both  the  functional  and  structural  alterations  in  the  central  nervous 
system  are  characterized  by  the  fact  that  they  rapidly  develop  from 
small  beginnings,  and  in  comparison  with  ordinary  tabes  quickly  prove 
fatal.  The  majority  of  cases  run  their  course  in  six  to  twelve  months 
though,  according  to  Dana,  a  duration  of  as  much  as  three  years  some- 
times occurs. 

These  are,  in  brief,  the  observations  made  by  neurologists  on  the 
subject  in  hand.  What  conclusions  can  the  student  of  anemia  draw 
from  these  observations  ? 

We   must   notice    first   that    there    is    no    regular    correspondence 
between  the  clinical  spinal  symptoms  and  the  anatomic  spinal  lesions, 
or  between  the  latter  and   the  anemia.     On   the   one  hand,  we  may 
observe  a  large    number    of   cases   of  pernicious    anemia    for    months 
without  encountering  any  indication  of  a  spinal  disease  even  on  careful 
examination ;  on  the  other  hand,  there  are  relatively  mild    cases  of 
anemia  in  which  cerebral  and  spinal  symptoms  are  evidently  pronounced 
(Leyden).      In  one  group  of  cases  (Leichten stern)  the  spinal  disease  is 
observed  first,  the  pernicious  anemia  becoming  manifest  later ;  in  another, 
the  anemic  and  nervous  symptoms  break  out  simultaneously;  and  finally,' 
the  latter  may  become  apparent  only  after  the  anemia  has  existed  some 
time  (Minnich).    From  this  irregular  behavior  the  important  conclusion 
suggested  by  the  early  writers  (Nonne)  seems  evident,  namely,  that  the 
spinal  disease  is  not  a  result  of  the  anemia  any  more  than  this  is  secon- 
dary to  it,  but  that  both  are  coordinate  symptoms  of  the  same  process. 
This  assumption   is   supported  by  2  cases  of  bothriocephalus  anemia 
reported  by  Lichtheim  and  Minnich,  in  which  tabetic  symptoms  were 
observed  during  life  and  extensive  degeneration  of  the  posterior  columns 
of  the  spinal  cord  were  found  pr.st  mortem.      The  toxic  substances  on 
which,  according  to  our  assumption  (p.  235),  the  anemic  action  of  the 
worm  depends,  apparently  produced  the  spinal  disease  also.     A  similar 
assumption  must  be  made  in  the  cas^s  of  pernicious  anemia  in  which 
the  etiology  is  obscure.     Therefore,  since  we  have  every  ground  for 
attributing  the  origin  of  pernicious  anemia  to  toxic  causes,  and  since 
the  alterations  described   in   the  sjiinal  cord  are  not  specific  to  severe 
anemias,  but  show  a  close  similarity  with   those  occurring  in  a  large 
number  of  cachectic  and  toxic  conditions  (Redlich,  Dana),  we  can  assume 
an  mtoxication  of  unknown  origin  and  unknown  nature  as  the  cause  of 
both  the  anemia  and  the  spinal  disease. 
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A  marked  similarity  between  the  two  conditions  is  shown  by  the 
fact  that  each  manifests  a  particular  tendency  to  remissions  which  are 
entirely  indej)endent  of  one  another.  Thus,  Nonne  reports  a  case  in 
which  the  sluggish  pupillary  reaction  became  normal,  the  abolished 
patellar  reflexes  returned,  the  occasional  disturbances  of  the  bladder 
function  and  the  ataxia  retrogressed  while  the  symptoms  of  the  anemia 
advanced  ])rogressively  to  death.  Reversely  in  1  case  of  Eisenlohr's 
the  anemia  disappeared  completely  within  several  months  after  the 
removal  of  a  Tenia  mediocanellata,  while  the  spinal  disease  showed  no 
improvement.  Bowmann,  however,  reports  a  case  with  a  pronounced 
correspondence  between  the  two  symptom-groups.  In  this  case,  after 
the  anemia  had  existed  about  three  years  and  the  spinal  disease  appar- 
ently about  nine  months,  a  simultaneous  improvement  of  both  set  in 
under  arsenic  treatment  and  continued  for  more  than  six  months.  The 
relapse  which  occurred  after  a  short  time  affected  in  the  same  way  the 
blood-tissue  and  the  spinal  cord. 

Still,  whether  the  disappearance  of  the  spinal  symptoms  is  to  be 
referred  to  an  actual  retrogression  of  the  anatomic  lesions  in  the  spinal 
cord,  is  doubtful.  Brasch's  observation,  at  least,  is  against  it.  In 
this  the  return  of  the  patellar  reflex  was  attributable  to  new  processes 
in  the  pyramidal  tracts,  which  were  added  to  the  previous  degenerations 
in  the  posterior  columns.  That  the  improvement  of  the  general  condi- 
tion may  affect  the  spinal  symptoms  favorably  is  natural,  since  there 
is  a  period  at  which  the  nerve-fibers  are  incapable  of  function  without 
being  entirely  destroyed.  If  now  favorable  nutritive  conditions  arise, 
the  fibers  may  recover  their  full  functional  capability.  In  special  cases, 
therefore,  we  can  conceive  that  a  retrogression  in  the  clinical  spinal 
symptoms  is  attributable  to  the  improvement  in  the  anemia. 

Among  the  alterations  encountered  in  the  organs  of  Special 
sense,  those  of  the  eye  are  of  the  greatest  importance.  Subjective 
disturbances,  such  as  flashes  of  light  and  dimness  of  vision,  about  which 
patients  frequently  complain,  are  seen  in  the  early  stages  of  the  disease 
at  a  time  when  objective  alterations  in  the  eye  can  not  be  demonstrated. 
We  may  likewise  mention  again  the  pretty  fre(|uent  occurrence  of  a 
more  or  less  marked  edema  of  the  under  eyelids. 

As  associated  symptimis  of  the  general  inclination  to  hemorrhage 
we  find  occasionally  effusions  into  the  conjunctiva  bulbi  palpebrarum, 
though  by  far  the  most  interesting  hemorrhages  are  those  of  the  retina. 
These  were  so  thoroughly  investigated  by  Horner  that,  according  to 
H.  Miiller,  further  observations  have  added  nothing  new.  "The  o|)h- 
thalmoscopic  picture  is  characterized  by  an  extreme  pallor  of  the  optic 
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papilla  and  the  whole  posterior  eyeground,  by  marked  tortuousness  and 
dilatation  of  the  veins,  by  pallor  of  the  blood  iu  the  vessels,  and  by  apo- 
plexies. These  last  usually  lie  near  the  vessels,  are  of  round  irregular  or 
linear  shape,  and  are  distributed  in  small  or  larger  numbers  throughout 
the  entire  circumpapillary  region.  They  are  sometimes  quite  small,  punc- 
tate, again  somewhat  larger,  and  in  individual  cases  reach  even  the  size 
of  the  papilla.  The  number  of  hemorrhages,  while  at  first  small,  fre- 
quently increases  toward  the  end  of  life,  the  rest  of  the  posterior  eye- 
ground,  especially  the  papilla,  becoming  continually  paler,  eventually 
eyen  white.  The  amount  of  extravasated  blood  is  ordinarily  slight ; 
the  areas  of  extravasation  are  thin  and  frequently  show  transparent 
margins.  On  the  pale  rose-red  posterior  eyeground  we  occasionally  see 
areas  from  which  the  blood  has  been  absorbed,  though  this  is  relatively 
rare.  When  the  eye  is  examined  early,  no  apoplexy  is  found,  though 
the  posterior  eyeground  is  even  then  striking  on  account  of  its  intense 
pallor  and  the  marked  tortuosity  of  the  vessels.  Reversely  in  cases 
which  recover  we  can  see  on  repeated  ophthalmoscopic  examination  how 
all  the  hemorrhages  are  gradually  resorbed,  how  the  vessels  return  to 
their  normal  size  and  straightness,  and  the  deep  pallor  of  the  papilla 
gradually  gives  way  to  its  normal  rosy  tint." 

Nothing  of  importance  can  be  added  from  the  later  literature  to  this 
description  of  Horner's.  The  opinion  of  ophthalmologists  is  divided 
only  in  regard  to  the  white  center  of  the  extravasate,  which  Horner 
regards  as  a  focus  of  absorption  (compare  the  section  on  Pathology). 

An  absolutely  isolated  observation,  unfortunately  not  confirmed  by 
a  post  mortem,  comes  from  H.  Miiller,  in  regard  to  the  development 
of  exophthalmos  during  the  disease. 

While  retinal  hemorrhages  occur  almost  unexceptionally  in  all  cases 
of  progressive  pernicious  anemia  (Laache  described  a  negative  case 
(Case  3)  eight  days  ante  mortem),  coarse  derangements  of  vision  accord- 
ing to  all  authorities  are  extremely  rare.  From  his  large  amount  of 
material  H.  Miiller  gives  one  interesting  example  :  A  patient  (a  female) 
became  suddenly  blind  iu  the  left  eye  ;  o])hthalmoscopically  enormous 
hemorrhages  in  the  form  of  thick  plaques  were  found  in  the  retina, 
especially  in  the  region  of  the  macula. 

[De  Schweinitz  '  in  a  study  of  the  histology  of  the  eye  in  jwrnicious 
anemia  states  the  following  conclusions  :  "  In  summary  I  may  say  that 
the  histologic  changes  found  in  tliis  case  wore  :  {a)  hemorrhages  in  the 
yarious  strata  of  the  retina,  l)ut  most  marked  in  tiie  nerve-fiber  layer  ; 
{fj)  varicose  hypertrophy  of  the  fibers  of  the  nerve-fiber  layer,  existing 
'  Trans.  Amer.  Ophthal.  Society,  1896. 
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either  a.s  an  isolated  lesion  or  sometimes  gathered  in  a  conglomerate 
mass ;  and  (c)  exqnisite  edema  of  the  retina,  especially  in  its  periphery, 
an  edema  beginning  in  the  outer  reticular  layer  and  gradually  involving 
the  outer  granular  layer,  until  the  space  between  the  internal  nuclear 
layer  and  the  outer  limiting  membrane  becomes  riddled  with  a  series 
of  oval  cavities. 

"  These  microscopic  findings  correspond  closely  with  the  o])hthalmo- 
scopic  picture :  (a)  flame-shaped  and  irregular  hemorrhages  in  the 
neighborhood  of  the  papilla  ;  (6)  hemorrhagic  areas  containing  a  yellow- 
ish center,  or  isolated  yellowish-white  spots  which  probably  correspond 
to  the  hypertrophied  and  degenerated  nerve-fibers  which  have  been 
described  ;  and  (<•)  a  cloud-like  edema,  which  was  most  marked  in  the 
retinal  periphery." 

Uhthoff  ^  had  described  certain  colloid  bodies  in  the  intranuclear 
layer,  and  Manz  ^  found  round  cells  enclosed  in  a  capsule,  which  he 
believed  to  be  a  dilated  capillary.  De  Schweinitz  could  not  find  either 
of  these  formations.  Natanson  ^  examined  the  eyes  in  3  cases  of  para- 
sitic pernicious  anemia  and  found  the  same  microscopic  and  ophthal- 
moscopic conditions  as  have  been  discovered  in  other  forms  of  pernicious 
anemia. — Ed.] 

Eichhorst  reports  several  observations  on  disturbances  of  hearing. 
Apart  from  the  ringing  in  the  ears  common  to  all  anemias,  we  may 
find,  especially  toward  the  end  of  life,  a  complete  loss  of  this  sense. 

Among  5  cases  that  ended  fatally,  Eichhorst  found  only  1  in  which 
hearing  remained  intact.  In  several  of  his  patients  the  deafness  was 
transitory,  and  in  1  it  was  restored  after  a  transfusion  of  blood. 

The  writers  must  likewise  draw  on  Eichhorst  in  regard  to  the  disturb- 
ances of  smell.  Eichhorst  observed  a  considerable  loss  of  smell  in  asso- 
ciation with  deafness  shortly  before  the  end.  A  further  modification 
was  added  in  a  marked  decrease  of  the  sense  of  taste.  In  this  case  one 
certainly  has  to  do  with  an  exception  ;  at  least  Schauman  reports  that 
in  his  large  amount  of  material  he  never  saw  a  single  anomaly  of  smell 
or  taste. 

PATHOLOGIC  ANATOMY. 

In  cadavers  of  persons  that  have  succumbed  in  the  natural  course 
of  an  uncomplicated  progressive  pernicious  anemia  the  jxUlor  of  the 
skin  is  so  characteristic  in  intensity  and  color  that,  as  in  a  living  sub- 
ject, a  proper  diagnosis  may  be  made  at  a  glance. 

1  Klin.  Monalsbl.f.  Aurfrnhrilkunde,  1880.  ^  Ccntralbl.f.  die  Med.  Wisx.,  1875. 

'  Nagel's  Jahresbericht  der  Ophthal.,  xxv.,  1895. 
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We  can  occasionally,  and  according  to  Ponfick  frequently,  make  a 
diagnosis  from  the  presence  of  icterus,  edema,  and  the  almost  unexcep- 
tionally  good  preservation  of  the  subcutaneous  fat. 

A  sign  and  a  result  of  the  emptiness  of  the  vessels  is  the  frequent 
complete  absence  of  postmortem  lividity  (H.  Miiller). 

Among  the  general  postmortem  symptoms  we  have  the  intense 
anemia  of  all  the  internal  organs  and  the  widespread  hemorrhages. 
These  are  very  evident  in  the  skin  and  mucous  membranes  provided 
they  occur  shortly  before  death.  Hemorrhages  are  likewise  found  to  a 
greater  or  less  extent  on  the  serous  membranes  of  the  three  body  cavi- 
ties, though  most  frequently  on  the  meninges. 

The  abnormal  amount  of  iron,  "  siderosis,"  in  the  internal  organs 
observed  by  Grohe  and  later  by  Rosenstein,  Quincke  [Peter,  Scott], 
and  many  others,  and  missed  in  but  few  cases,  stands  in  a  certain  though 
not  very  clear  connection  with  the  hemorrhages.  Still,  according  to 
frequent  postmortem  reports,  the  same  organs  that  show  an  unusual 
excess  of  iron  in  one  case  may  in  another  parallel  case  contain  only  the 
smallest  normal  amount.  The  objection  raised  especially  at  the  begin- 
ning of  the  studies  on  this  subject,  that  the  increased  iron  content  of 
the  organs  was  not  the  result  of  the  diseased  process,  but  of  the  thera- 
peutic administration  of  the  metal,  is  controverted  by  animal  experiments 
(Quincke),  and  especially  by  the  fact  that  this  abnormality  is  no  less  fre- 
quent since  iron  has  been  practically  done  away  with  in  the  treatment  of 
pernicious  anemia. 

AVe  find  an  abnormal  increase  of  iron  primarily  in  the  organs  which 
make  and  destroy  the  blood-elements,  and  which  show  physiologically 
a  considerable  amount  of  iron,  namely,  the  spleen,  the  bone-marrow, 
the  lymph-glands,  and  most  especially  the  liver.  Moreover,  iron  is 
observed  in  situations  where  it  is  normally  lacking,  as  the  glandular 
cells  of  the  kidney  and  the  pancreas. 

The  difference  between  the  amount  of  iron  found  physiologically 
and  in  progressive  pernicious  anemia  is,  according  to  Quincke's  statis- 
tics (compare  "  iron  therajn'  "),  most  evident  in  the  liver.  Under  normal 
conditions  100  gm.  of  dried  liver  substance  contains  81.6  mg.,  while 
cases  of  progressive  pernicious  anemia  showed  an  increase  to  1900  mg. 
(Stiihleii).  Microscopic  examination  demonstrated  that  the  increased 
accumulation  of  iron  was  manifest  in  fine  granules  deposited  in  both  the 
liver-cells  and  the  capillaries  in  the  peripheral  parts  of  the  liver-lobules. 
[Hunter  states  that  the  average  amount  of  iron  found  in  the  liver  in 
[)ornici()us  anenu'a  by  various  observers  was  0.7  per  cent.,  while  the 
amount  found   in   other  diseases   was  from   0.078    to   0.12  per  cent. 
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In  a  recent  paper  Hunter^  has  compared  the  findings  in  7  autopsies 
in  pernicious  anemia  with  those  of  7  cases  of  secondary  anemia  due  to 
sepsis,  carcinoma,  and  other  diseases.  The  average  percentage  of  iron  in 
the  liver  and  kidneys  was  0.3(30  in  pernicious  anemia  as  compared  with 
0.079  in  other  conditions  ;  and  in  the  spleen  0.125  in  pernicious  anemia 
as  compared  with  0.362  in  other  conditions.  J.  A.  Scott  examined  for 
Osier  (Principles  and  Practice  of  Medicine)  the  livers  in  45  cases  of 
diseases  other  than  pernicious  anemia,  and  consistently  failed  to  find 
the  iron  deposits  characteristic  of  the  latter  disease. — Ed.] 

The  musculature  of  the  trunk  and  the  extremities  shows,  accord- 
ing to  Eichhorst,  like  all  other  organs,  a  marked  pallor,  while  H. 
Miiller  expressly  notes  its  "good  color"  in  contrast  to  the  pallor  of 
other  organs.  A  reverse  contradiction  exists  between  the  microscopic 
observations  of  these  two  authorities,  Eichhorst  finding  the  macroscop- 
ically  very  pale  musculature  almost  entirely  normal  in  structure,  while 
Miiller  found  in  the  muscles  of  good  color  a  pronounced  fatty  degener- 
ation of  the  fibrilla?.  This  degeneration  was  most  marked  in  the  muscle- 
fibers  of  the  diaphragm  and  of  the  intercostal  muscles,  in  which  the 
cross-striations  were  almost  entirely  obliterated. 

Though  Eichhorst,  following  a  conception  of  Traube's,  claims  that 
when  fatty  degeneration  occurs  it  is  most  marked  in  those  muscles  which 
display  a  vitally  necessary  unceasing  activity — i.  c.,  in  the  diaphragm 
and  the  intercostal  muscles — E.  Friinkel  describes  a  case  in  which  the 
general  musculature  was  normal,  while  the  ocular  muscles  and  the  heart 
manifested  advanced  fatty  degeneration.  In  appearance  they  were  clay 
colored,  their  cross-striations  were  almost  absent,  and  fat  and  pigment 
were  readily  perceived  in  and  between  the  primitive  bundles.  Though 
the  functions  of  the  ocular  muscles  are  not  a  requirement  for  the  con- 
tinuance of  the  vital  processes,  it  can  not  be  doubted  that  even  in  con- 
ditions of  extreme  weakness,  when  the  patient  avoids  every  movement 
of  the  voluntary  muscles,  relatively  a  great  demand  is  made  upon  them. 

The  deposition  of  pigment,  which  has  been  mentioned,  between  the 
bundles  of  muscle-fibers  usually  represents  the  remains  of  old  hemor- 
rhages. Recent  hemorrhages  are  likewise  sometimes  encountered 
(Strieker  and  others). 

A  very  prominent  place  is  occupied  by  the  anatomic  changes  in  the 
heart.  Brief  mention  may  be  made  of  the  fact  that  the  fat  infiltration 
is  retained,  and  that  in  the  pericardium,  in  the  muscle,  and  in  the  endo- 
cardium extravasations  of  blood  are  found  as  in  other  organs.  Since 
the  beginning  of  the  investigations  on  progressive  pernicious  anemia, 
^  Lancet,  Jan.  31  et  seq.,  1903. 
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the  greatest  interest  has  been  aroused  by  the  fatty  degeneration  of  the 
myocardium.  We  owe  to  Ponfick  the  fundamental  anatomic  investiga- 
tions, but  these  have  been  completed  by  later  scarcely  less  important 
ones. 

On  section,  the  musculature  of  the  heart  shows  all  grades  of  pallor 
between  a  pale  brownish-red  and  a  clay  color.  Since  all  these  grades 
of  color  are  found  in  the  same  heart,  and  the  clearer  areas  in  the 
form  of  flakes  or  lines  appear  to  have  puslied  their  way  into  the  less 
decolorized  large  mass  of  muscle,  the  organ  exhibits  a  very  character- 
istic appearance.  The  clearer  the  areas  the  more  intense  is  the  fatty 
degeneration  microscopically.  Moreover,  when  very  marked,  though 
the  fibrillary  arrangement  may  be  recognizable,  the  cross-striations  and 
muscle-nuclei  disappear  ;  in  place  of  the  latter  we  find  very  fine  fat- 
drops  arranged  like  pearls  on  a  necklace.  In  the  macroscopically 
•darker  areas  the  muscular  structure  is  better  preserved,  and  the  cross- 
striation  is  still  apparent  even  though  slight  clouding  may  be  noticeable. 
Isolated  portions  may  be  completely  normal. 

The  distribution  in  the  diflFerent  stages  of  degeneration  manifests  a 
remarkable  regularity.  The  fatty  degeneration  is  more  marked  in  the 
papillary  muscles  of  the  left  heart  than  of  the  right,  than  in  the  walls 
of  the  left  and  right  ventricle,  and  the  trabecule  of  the  left  and  right 
auricle. 

This  degeneration  of  the  heart  is  found  in  almost  every  case  of  pro- 
gressive pernicious  anemia,  so  that  since  Biermer's  time  it  has  been 
considered  one  of  the  cardinal  symptoms  in  the  general  picture.  Still, 
isolated  observations  must  be  mentioned  in  which  it  was  absent, 
although  from  the  clinical  course  and  the  general  anatomic  findings 
there  could  be  no  hesitancy  in  retaining  the  diagnosis  of  progressive 
pernicious  anemia.  Such  cases  have  been  reported  by  Litten,  H. 
Miiller,  and  later  by  Strieker,  Quincke,  and  Laache. 

Fatty  degeneration  of  the  heart,  therefore,  can  not  be  regarded  as 
absolutely  constant.  Moreover,  it  must  be  remembered  that  similar 
alterations  occur  in  other  anemic  conditions,  for  instance,  the  acute 
post  hemorrhagic. 

The  heart  is  usually  of  normal  size  or  a  little  smaller  than  normal, 
sometimes  the  right  ventricle  is  found  somewhat  dilated ;  slight  hyper- 
trophy of  both  ventricular  walls  has  been  mentioned  by  Eichhorst. 

Corresponding  to  the  fatty  degeneration  tlie  consistence  of  the  muscle 
is  less  than  normal. 

The  valves  are  normal.  Even  in  cases  in  which  a  diastolic  murmur 
-was  heard  the  valves  were  found  intact  (Biermer),  a  proof  of  the  fact 
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that  a  diastolic  murmur  may  also  be  accidental.  The  mitral  insuffi- 
ciency reported  in  one  case  by  Schauman  must  be  considered  a  coinci- 
dence. Mention  may  also  be  made  of  an  anomaly  of  the  mitral  valve 
found  in  1  case  by  jSlatterstock,  in  which  the  tips  of  the  leaflet  were 
found  bound  together.  In  this  case  the  diastolic  murmur  heard  during 
life  was  undoubtedly  due  to  this  anatomic  abnormality. 

According  to  the  unanimous  reports  of  all  postmortem  protocols, 
the  larr/er  vessels  manifest  no  typic  alterations.  The  small  arteries  and 
capillaries,  on  the  contrary,  especially  those  of  the  brain,  frequently 
show  fatty  degeneration,  and  to  this  must  be  attributed  the  occasional 
extensive  a})oplexies.  Smaller  hemorrhages  may  occur  without  percep- 
tible fatty  degeneration  of  the  vessels.  For  these  cases  we  assume 
with  Cohnheim  that  the  deteriorated  blood  produces  alterations  of  the 
vessel-walls  which  we  are  unable  to  perceive  by  the  aid  of  our  present 
methods. 

The  kidneys  are  extremely  pale,  but  otherwise  present  no  macro- 
scopic abnormality  ;  the  capsule  is  easily  strijiped,  the  superficial  surfiice 
is  smooth.  In  the  cases  described  by  Fr.  JMiiller  in  which  he  is  inclined 
to  assume  a  connection  between  progressive  pernicious  anemia  and 
syphilis,  deep  cicatrices  characteristic  for  the  syphilis  were  found  on  the 
surface.  Microscopically  we  sometimes  see  (Ponfick,  Eichhorst)  fatty 
degeneration  of  the  desquamated  epithelium  and  a  marked  depositioa 
of  iron  in  granules.  In  a  case  reported  by  Krebs  the  desquamated 
epithelium  of  the  kidney  as  well  as  that  of  the  liver  and  intestinal  villi 
showed  amyloid  degeneration. 

In  the  remaining  portion  of  the  urogenital  apparatus  we  find,  apart 
from  hemorrhages,  no  alterations  worthy  of  note. 

In  regard  to  the  respiratory  apparatus,  which  also  plays  a  very 
insignificant  clinical  role,  mention  must  be  made  of  rare  hemorrhages 
into  the  parenchyma  of  the  lungs  (Schumann)  and  more  frequnt  ones, 
on  the  pleura.  An  observation  of  Eichhorst's  is  in  place,  since  the 
finding  of  the  condition  might  readily  give  rise  to  diagnostic  difficulties, 
namely,  he  found  the  fluid  of  a  hydrothorax  three  times  evidently 
sanguinolent,  and  once  evidently  icteric. 

The  pathologists  have  lately  paid  especial  attention  to  the  digestive 
tract,  and  to  this  we  owe  a  considerable  proportion  of  our  knowledge 
in  regard  to  the  etiology  and  pathogenesis  of  the  disease. 

In  the  first  place,  we  find,  besides  a  marked  pallor,  ecchyraoses 
throughout  the  whole  tract.  Quincke  described  in  1  case  a  marked 
edema  of  the  gastric  mucous  mt-mbrane. 

Ponfick  was  the  first  (1873)  to  call  attention  to  the  alterations,  par- 
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ticularly  the  fatty  degeneration  of  the  gastric  glands  in  severe  anemias. 
In  his  dissertation,  published  in  1875,  Schumann  described  a  case  of 
progressive  pernicious  anemia  in  which  the  gastric  mucous  membrane 
was  almost  completely  denuded  of  its  epithelium  and  the  gastric  glands 
were  poorly  developed  and  insignificant  in  number.  In  addition, 
numerous  small  hemorrhages,  an  overgrowth  of  connective  tissue,  and 
some  fatty  degeneration  of  the  muscularis  and  of  the  blood-vessels  were 
found.  This  case  is  an  illustration  of  the  alterations  to  which  later  in- 
vestigators have  devoted  so  much  attention.  Moreover,  Quincke's 
observation  must  not  be  omitted,  which  though  it  was  published  first  in 
1876,  came  from  a  postmortem  protocol  (Case  6)  of  February,  1875. 
In  this  he  describes  a  very  thin,  pale  gastric  mucous  membrane  ex- 
tremely poor  in  glands.  Quincke  then  attributed  the  origin  of  the 
progressive  pernicious  anemia  in  this  case  to  these  atrophic  alterations. 
[Henry  and  Osier  described  an  analogous  case. — Ed.]  A  large 
number  of  isolated  observations  followed  Quincke's  report,  and  sup- 
plemented it  by  finding  similar  alterations  in  the  intestine.  Recently, 
Ewald,  Martins,  and  Koch  have  studied  and  described  these  conditions. 

In  the  severest  cases  the  mucous  membrane  is  smooth,  shows  almost 
no  valvulse  conniventes,  and  is  considerably  reduced  in  thickness.  In 
1  case  of  Martins'  it  was  on  an  average  scarcely  1  mm.  This  marked 
thinning  may  be  recognized  macroscopically  in  the  submucosa  and  the 
muscularis.  This  condition  may  be  found  in  all  sections  of  the  intestine 
from  the  duodenum  to  the  colon. 

The  microscopic  examination  shows  a  marked  overgrowth  of  the 
interglandular  tissue  in  the  mucous  membrane  of  the  stomach  and 
intestine,  which  in  the  earlier  stages  is  characterized  by  its  richness  in 
round  cells,  while  in  the  later  stages  it  is  very  poor  in  cells  and  is  fibrous. 
The  more  advanced  the  growth  of  this  tissue,  the  more  the  glandular 
portion  is  compressed ;  although  in  moderately  severe  cases  numerous 
isolated  glands  or  their  remains  may  be  found,  especially  in  the  deeper 
layers  of  the  mucosa,  in  the  very  severe  the  process  leads  to  a  complete 
disappearance  of  the  glandular  portion.  Small  depressions  in  the  con- 
nective tissue  containing  a  finely  granular  detritus  and  corresponding  to 
the  previous  excretory  duct  are  left  to  indicate  the  former  structure 
(Martins). 

[H.  Strauss  ^  opposes  the  view  that  there  is  a  relation  between  per- 
nicious anemia  and  disease  of  the  gastro-intcstinal  tract.  His  studies 
in  10  cases  showed  a  richness  of  the  mucous  nienii)i-ane  of  the  gastro- 
intestinal tract  in  lymphocytes,  but  practically  no  evidence  of  disease 
'  Berlin,  kiln,  Wochenschr.,  August  25  and  Sept.  1,  1902. 
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of  the  stomach  or  increase  in  the  connective  tissue.  The  lymphocytic 
accumulation  is  not  a  special  change  in  the  stomach,  but  a  part  of  a 
general  involvement  of  the  lymphoid  tissues  analogous  to  the  changes 
found  in  the  bone-marrow. — Ed.] 

Since  the  writers  must  refrain  from  going  too  deeply  into  detail,  they 
will  mention  only  two  other  interesting  findings  which  were  observed 
in  the  atrophic  mucous  membrane  of  the  stomach,  but  not  in  the  in- 
testine. Lubarsch  found  in  the  interstitial  tissue  of  all  his  cases 
numerous  eosinophile  cells,  an  observation  which  recalls  Hammerschlag's 
in  gastric  cancer.  Further,  Lubarsch  and  Koch  found  in  the  inter- 
glandular  tissue  roundish  sometimes  roughly  irregular  bodies  varying  in 
size  from  an  eosinophile  granule  to  double  that  of  an  epithelial  cell. 
With  high  powers  it  could  be  seen  that  the  larger  bodies  were  not 
homogenous,  but  were  made  up  of  a  number  of  smaller  elements.  On 
staining  with  Biondi's  fluid  they  took  the  acid  fuchsin.  Koch  regards 
them  as  coagulated  red  blood-corpuscles,  Lubarsch  as  acidophile  granules 
which  have  run  together  in  smaller  and  larger  clumps.  Both  authorities 
agree  that  they  are  patiiognomonic  of  the  atrophy  of  the  mucous  mem- 
brane on  account  of  their  regular  occurrence.  The  "  hyaline  bodies " 
described  by  Sasaki  are  apparently  identical  wuth  them. 

Moreover,  not  only  the  mucosa,  but  also  the  other  layers  and  com- 
ponents of  the  stomach  and  intestinal  walls  may  be  affected  by  degen- 
erative processes.  Jiirgens  first  called  attention  to  a  progressive  de- 
generation of  the  motor  nerve-elements  of  the  intestine  and  of  the 
general  musculature.  Sasaki  confirmed  this  finding,  and  Blascko 
described  a  case  with  extreme  degeneration  of  both  Auerbach's  and 
Meissner's  plexus.  A  considerable  diminution  in  thickness  of  the 
intestinal  muscularis  is  recognizable  in  such  cases,  even  macroscopically. 
These  findings  made  a  basis  for  the  theory  that  in  certain  cases  of  pro- 
gressive pernicious  anemia  the  primary  cause  is  the  destruction  of  the 
nervous  elements  of  the  intestine  which  necessarily  leads  to  marked 
functional  disturbances,  and  these  in  turn  to  severe  anemia.  The  ob- 
servation made  by  Sasaki,  however,  opposes  the  primary  nature  of  the 
nerve  degeneration  ;  that  is,  in  a  case  in  which  the  lesions  in  the  in- 
testine were  more  insular,  the  changes  in  the  nerves  did  not  correspond 
with  them. 

This  degeneration  of  the  gastro-intostinal  wall,  for  Avhich  Jiirgens 
proposed  the  name  "atrophia  gastro-intestinalis  progressiva,"  and  for  the 
terminal  stages  of  which  Ewald's  designation  "anadenia"  is  appropriate, 
is  in  no  way  specific  of  progressive  pernicious  anemia,  since  it  is  wanting 
in  numerous  cases.     How  large  a  percentage  of  all  cases  show  these 
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gastro-intestinal  alterations  is  yet  unknown,  though  they  are  apparently 
found  in  a  preponderating  majority. 

On  the  other  hand,  marked  atrophy  of  the  stomach  and  intestine 
has  been  not  infrequently  described  in  conditions  which  were  abso- 
lutely differentiated  from  progressive  pernicious  anemia.  For  instance, 
Fenwick  described  it  in  numerous  cases  of  mammary  carcinoma, 
Kussmaul  and  Maier  in  1  case  of  chronic  saturnism,  and  competent 
authorities  in  a  series  of  other  diseases. 

Though  the  theory  of  the  specificity  of  the  gastro-intestinal  process 
in  progressive  pernicious  anemia  seems  decidedly  endangered  by  these 
statistics,  there  is  still  reason  for  the  assumption  that  the  profound 
alterations  of  the  intestinal  tract  and  the  consequent  inevitable  disturb- 
ances of  nutrition,  may  constitute  the  cause  in  at  least  a  certain  group 
of  cases.  Almost  all  the  investigators  who  observed  atrophy  of  the 
intestine  regarded  it  as  the  cause  of  the  anemia ;  for  instance,  Fenwick, 
Kussmaul  and  Maier,  and  others  believed  that  it  had  produced  pro- 
nounced secondary  anemia ;  Quincke,  Martins,  and  others  considered  it 
the  cause  of  the  essential  anemia. 

[Bloch,*  in  discussing  the  etiology  of  pernicious  anemia,  refers  to 
some  experiments  made  for  the  purpose  of  determining  whether  intestinal 
fermentation  exercises  any  particular  influence.  Extracts  made  from 
the  intestinal  contents  of  patients  in  different  stages  of  the  disease  were 
injected  into  animals  without  producing  characteristic  symptoms,  and 
the  results  were  practically  the  same  as  those  obtained  from  similar 
extracts  got  from  healthy  persons. 

Estimations  of  the  ethereal  sulphates  gave  varying  results,  and  the 
author  found  indicanuria,  on  which  Grawitz  lays  some  stress,  an  incon- 
stant condition.      When  present,  he  found  it  due  to  constipation. 

Determinations  of  the  toxicity  of  the  urine  also  gave  uncertain 
results.  If  there  were  a  diminution  in  the  normal  excretion  of  toxins 
or  an  abnormal  formation  of  toxic  bodies,  an  increased  toxicity  of  the 
blood  would  result.  Neither  condition  could  be  proved.  The  blood- 
serum  from  patients  showed  no  special  toxicity  for  mice  or  guinea-pigs. 

Einhorn  ^  comes  to  much  the  same  conclusion  as  Bloch,  and  in  dis- 
cussing the  relationship  of  achylia  gastrica  to  pernicious  anemia,  he 
concludes  that  no  special  relationship  exists.  In  most  cases  of  achylia 
gastrica  the  blood  is  practically  normal,  even  though  the  change  in  the 
stomach  is  extreme.  On  the  other  hand,  in  pernicious  anemia  the 
gastric  juice  is  secreted  in  normal  quantity  and  is  of  normal  character. 

'  Deutsch.  Arch.  J.  klin.  Med.,  vol.  Ixxvii.,  Nos.  3  «nd  4. 
2  Med.  Record,  February  23,  1903. 


288  PROGRESSIVE  PERNICIOUS  ANEMIA. 

The  two  conditions  may  occur  together,  but  the  association,  he  thinks, 
is  not  a  close  one. 

H.  Adler '  describes  3  cases  of  pernicious  anemia  associated  with 
achylia  gastrica.  He  considered  the  anemic  condition  secondary  to  the 
gastric  disease. 

Strauss,^  in  an  investigation  of  the  relation  of  gastro-intestinal  con- 
ditions and  anemia,  especially  pernicious  anemia,  notes  that  experi- 
mental obstruction  of  the  intestine  in  rabbits  produced  no  marked  or 
characteristic  change  in  the  blood  and  studies  of  the  hemolytic  power 
of  the  blood  serum  of  persons  suffering  with  constipation  showed  no 
differences  from  the  serum  of  normal  individuals.  He  insisted  that  no 
relation  between  gastro-intestinal  disease  and  pernicious  anemia  has  been 
established. — Ed.] 

In  another  section  were  shown  the  difficulties  encountered  in  the 
endeavor  to  explain  anemic  conditions  from  disturbances  of  nutrition. 
Since  it  was  proved  that  quantitative  undernourishment  can  not  lead 
to  anemia,  and  qualitative  undernourishment  only  under  very  definite 
circumstances,  toxic  substances  elaborated  within  the  intestinal  tract  in 
the  course  of  disturbances  of  digestion  and  absorption  have  been  made 
responsible  for  its  origin.  The  genesis,  therefore,  may  be  stated  as 
follows  :  The  primary  process  is  the  atrophy  of  the  gastro-intestinal 
mucous  membrane  ;  this  produces  severe  disturbances  of  absorption,  etc., 
and  these  in  turn  the  severe  anemia.  (Martins  attributes  decided  sig- 
nificance only  to  the  atrophy  of  the  intestine,  not  to  that  of  the  stomach.) 

This  hypothesis,  however,  does  not  agree  w^ith  the  detailed  investi- 
gations of  Koch  in  the  Berlin  Pathologic  Institute.  In  5  cases  of 
progressive  pernicious  anemia  examined  by  him  death  w^as  produced  by 
the  disease  itself  without  any  complication.  If  the  relations  between 
the  anemia  and  the  atrophy  of  the  intestine  were  as  above  repre- 
sented, a  gastro-intestinal  atrophy  of  the  highest  grade  should  liave 
been  found  in  all  cases,  yet  Koch  exjiressly  insists  that  in  3 
of  his  cases  the  mucous  membrane  of  the  intestine  showed  only  a 
slight  degree  of  atrophy.  The  theory  of  the  primary  nature  of  the 
intestinal  disease  and  the  secondary  nature  of  the  severe  anemia  is 
thereby  demolished.  Moreover,  an  interesting  clinical  observation  cre- 
ates a  crucial  objection.  Schauman  examined  16  persons  who  had  been 
cured  a  long  time  previously,  some  of  them  even  years  before,  of  a 
bothriocophalus  anemia  and  had  recovered  perfect  health.  In  10  he 
found  that  the  gastric  juice  contained  no  free  hydrochloric  acid.     If  the 

*  American  Medicine,  November  15,  1902. 

*  Berlin,  klin.  Woch.,  August  25-Septeinber  1,  1902. 
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stomach  disease  was  the  cause  of  the  severe  anemia,  the  symptoms  of 
the  former  should  have  disappeared  before  the  latter. 

We  come,  therefore,  to  the  other  question,  Is  the  progressive  per- 
nicious anemia  the  foundation  on  which  the  gastro-intestinal  atrophy 
develops,  or  are  both  the  result  of  one  and  the  same  still  unknown 
cause  ?  It  is  possible  that  in  this  regard  the  progressive  pernicious 
anemia  with  known  cause  will  prove  explanatory.  Schauman,  in  his 
monograph  on  bothriocephalus  anemia,  unfortunately  reports  only  the 
macroscopic  examination  of  the  intestine,  though  this  not  infrequently 
showed  the  intestinal  wall  considerably  thinner  than  normal ;  Eckert, 
however,  reports  that  the  gastric  and  intestinal  mucous  membrane  were 
atrophic  in  1  case  of  tapeworm  anemia.  Nevertheless  taken  altogether 
profound  gastro-intestinal  alterations  have  been  found  in  only  a  small 
portion  of  the  cases  of  bothriocephalus  anemia  which  came  to  autopsy, 
while  the  majority  showed  no  coarse  changes  in  the  intestinal  canal  in 
spite  of  the  severe  anemia.  If  we  contrast  these  observations  with 
those  in  which  we  found  similar  intestinal  lesions  in  other  diseases 
without  severe  anemia,  we  can  only  assume  a  coordinate  origin  of  both 
symptoms,  the  anemia  and  the  atrophy. 

This  conclusion  recalls  the  one  on  the  relation  of  the  alterations  in 
the  spinal  cord  to  progressive  pernicious  anemia  (see  p.  275) ;  we  must, 
therefore,  assume  the  same  cause  for  the  anemia,  the  intestinal  atrophy, 
and  the  spinal  degeneration.  What  circumstances  are  necessary  in  order 
that  one  and  the  same  influence  may  produce  sometimes  one,  sometimes 
the  other  lesions,  sometimes  all  of  them  together,  is  at  present  a  mystery. 

In  concluding  this  discussion  the  writer  would  like  to  state  that  the 
anatomic  alterations  of  the  intestine  do  not  always  correspond  to  the 
digestive  disturbances  observed  during  life.  Thus  Quincke  reports  that 
no  anatomic  alterations  of  the  digestive  tract  could  be  found  that  cor- 
respond to  the  intense  clinical  symptoms,  and,  reversely,  cases  have  been 
reported  by  Eisenlohr  and  Martins  which  manifested  during  life  almost 
no  disturbances  of  digestion  and  a  pretty  good  condition  of  nutrition, 
while  the  section  showed  a  very  severe  atrophy  of  the  intestinal  wall. 

Nothnagel  reported  in  1  case  of  progressive  pernicious  anemia 
a  marked  thinning  of  the  mucous  membrane  associated  with  disap- 
pearance of  tlie  gastric  glands  and  an  enormous  thickening  of  the 
gastric  wall  due  to  an  overgrowth  of  connective  tissue.  The  rigid 
walls  which  grated  under  the  knife  surrounded  a  cavity  corresponding 
to  about  the  size  of  a  large  ])ear.  [The  editor  has  observed  a  case 
exactly  like  that  of  Nothnagel. — En.] 

In  the  section   on   the   pathogenesis  of  the  progressive  pernicious 
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anemia,  moreover,  the  writers  have  mentioned  several  cases  of  the  disease 
in  which  autopsy  revealed  carcinomata  in  early  stages.  For  the  signifi- 
cance of  this  finding,  see  p.  243. 

In  a  pretty  large  number  of  cases  presenting  otherwise  nothing 
characteristic,  not  even  a  splenic  tumor,  the  mesenteric  glands  were 
found  enlarged  (Eichhorst,  Quincke,  and  others).  According  to  the 
microscopic  investigations  of  Eichhorst  the  enlargement  proved  to  be 
a  pure  hyperplasia  and  in  only  1  case  was  a  caseous  degenerated 
center  observed.  What  relation  these  enlarged  lymph-glands  bear  to 
tlie  disease-process,  and  whether  they  are  associated  merely  with  local 
disturbances  in  the  intestinal  tract  or  with  the  abnormal  function  of  the 
bone-marrow,  can  not  be  determined.  In  the  blood  we  find  no  evi- 
dence of  an  increased  activity  of  the  lymph-glands  as  far  as  the  pro- 
duction of  lymph-cells  is  concerned. 

[A.  S.  Warthin  ^  has  contributed  some  very  interesting  studies  of 
the  pathology  of  pernicious  anemia  Ijased  upon  an  investigation  of  8 
cases.  His  studies  were  mainly  directed  toward  the  hemolymph  nodes, 
which  he  believes  play  an  important  part  in  the  pathology.  He  con- 
siders the  disease  especially  an  hemolytic  one,  and  thinks  that  some 
unknown  poison  stimulates  the  phagocytes  of  the  spleen,  lymphatic 
glands,  hemolymph-glands,  and  bone-marrow.  The  hemolysis  is  not 
confined  to  the  portal  area,  as  Hunter  maintained,  but  is  apparent  in 
the  prevertebral  lymph-  and  hemolymph-nodes  and  in  the  bone-marrow. 
In  most  cases,  however,  the  spleen  is  the  chief  seat  of  blood  destruc- 
tion. He  could  find  no  pathologic  evidence  of  hemolysis  in  the  liver, 
stomach,  or  intestinal  capillaries  in  any  of  his  8  cases. 

The  changes  found  in  the  hemolymph-glands  were  dilatation  of  the 
blood-sinuses  and  evidences  of  increased  hemolysis.  In  some  cases 
great  increase  in  the  size  and  number  of  the  hemolymph-glands  was 
conspicuous.  These  changes,  however,  are  not  specific  of  pernicious 
anemia.  The  lymphoid  and  megaloblastic  changes  in  the  bone-marrow 
the  author  considers  merely  compensatory  in  nature,  and  not  an  essen- 
tial part  of  the  pathology.  Enlargements  of  the  lymphatic  glands 
similar  to  those  noted  by  Warthin,  but  not  confirmed  by  accurate  histo- 
logical studies,  had  been  observed  by  Eichhorst,  Weigert,  Kohler,  and 
Miiller  (quoted  by  Warthin).  Most  authors  are  silent  as  to  the  con- 
dition of  the  lymphatic  glands. — Ed.] 

The  anatomic  changes  in  the  liver  are  very  variable.  In  one 
group  of  cases  this  organ  is  striking  on  account  of  its  almost  normal 
reddish-brown  color.  The  enlargement  occasionally  found  was  studied 
1  Amer.  Jour.  Med.  Set.,  Oct.,  1902. 
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microscopically  by  Gilbert  and  Gurnier  in  3  cases,  who  described  it 
as  a  true  hypertrophy.  Again  the  liver  is  frequently  pale,  even 
somewhat  clay  colored  and  smaller  than  normal.  Ponfick  demonstrated 
the  participation  of  the  liver  in  the  general  fatty  degenerative  process. 
This  is  recognizable  macroscopically  ;  under  the  microscope  it  is  found 
to  affect  the  hepatic  and  vascular  cells.  In  1  case  Krebs  described 
amyloid  degeneration  of  the  liver-cells.  In  regard  to  the  appearance 
of  iron  in  the  liver,  see  the  general  discussion  of  Siderosis  on  p.  141. 

In  confirmation  of  clinical  observations  the  Spleen  is  usually 
found  either  normal  in  size  or  smaller  than  normal.  In  rare  cases 
a  slight  firm  enlargement  has  been  observed.  Considerable  enlarge- 
ment, even  to  double  the  normal,  has  been  reported  by  Wilks  and 
Rosenstein,  the  latter's  case  arising  after  typhoid  fever.  It  follows, 
therefore,  that  large  splenic  tumors  must  be  regarded  as  accidental  coin- 
cidences or  as  sufficient  grounds  for  a  reconsideration  of  the  diagnosis. 
[Warthin  ^  found  the  spleen  enlarged  in  4  out  of  7  cases  examined 
post  mortem.  In  1  of  these  cases  the  organ  was  twice  the  normal 
size ;  in  another  four  times  the  normal  size.  Other  references  to 
enlargement  of  the  spleen  have  been  added  in  the  clinical  section. — Ed.] 
Mention  has  been  previously  made  that  this  organ  takes  considerable 
part  in  the  siderosis.  In  general  the  microscopic  examination  of  an 
enlarged  spleen  shows  a  simple  hyperplasia. 

The  alterations  in  the  central  and  peripheral  nervous  System  are, 
on  acount  of  the  clinical  symptoms,  of  very  great  interest.  The  macro- 
scopic observations  of  the  early  investigators  left  little  to  be  added 
later.  Nevertheless  a  series  of  valuable  microscopic  discoveries  was 
reserved. 

The  first  striking  feature  is  the  conspicuous  part  taken  by  the  brain 
and  its  membranes  in  the  general  hemorrhagic  diathesis.  The  dura 
mater  shows,  as  was  reported  by  Biermer,  H.  Miiller,  Eichhorst,  and 
others,  especially  on  its  internal  surface,  numerous  larger  or  smaller 
extravasations  of  blood.  These  extravasations  become  organized  and 
form  very  fine  transparent  membranes,  which,  according  to  H.  Miiller, 
consist  of  a  delicate  network  of  fibers  filled  with  the  remains  of  the 
hemorrhages.  Their  extent  is  very  variable,  and  occasionally  they 
stretch  over  the  whole  cerebral  convexity.  The  external  surface  of  the 
pia  shows  similar  extravasations  and  pseudomembrane  formations. 

In  the  large  majority  of  cases  described  in  the  literature,  the  ana- 
tomic investigation  of  the  brain  showed  no  abnormality  beyond  the 
anemia.  Biermer,  H.  Miiller,  and  Schiile  found  small  extravasations  of 
^  Trans.  Assoc.  Amer.  Physicians,  1902. 
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blood  in  different  cases  that  presented  no  outspoken  cerebral  symptoms 
during  life.  Birulja  first  reported  a  microscopic  examination  of  the 
brain  in  a  case  of  progressive  pernicious  anemia.  He  found  numerous 
blood  extravasations,  irregularly  distributed,  together  with  numerous 
round  cells  in  the  vicinity  of  the  hemorrhages  in  the  cerebral  cortex 
and  in  the  j)ericellular  spaces  of  the  nerve-cells.  Moreover,  in  the 
cerebral  cortex,  in  the  medulla,  and  in  the  cerebellum  these  cells  showed 
alterations  consisting  in  the  deposition  of  pigment,  vacuolization,  swell- 
ing, and  diminution  of  staining  power  to  carmine. 

These  represent  the  scanty  observations  found  in  the  literature  on 
the  anatomic  alterations  of  the  brain  ;  still  it  must  be  added  that  an 
examination  of  the  brain  was  undertaken  in  but  few  cases,  and  that  the 
finer  methods  of  Marchi  and  Nissl  were  not  employed.  It  is  to  be 
hoped  that  the  gaps  will  soon  be  filled. 

The  anatomic  alterations  in  the  Spinal  cord  are  very  variable. 
In  general,  degeneration  affects  preferably  the  upper  sections  of  the 
cord,  especially  the  cervical  and  thoracic  portions ;  the  lumbar  portion 
is  affected  more  rarely.  Still  lesions  are  sometimes  found  throughout 
its  whole  length. 

We  find  in  the  first  place,  as  in  the  brain,  hemorrhages  correspond- 
ing to  the  general  tendencies  of  the  disease.  Eisenlohr  found  numerous 
capillary  hemorrhages  in  the  gray  substance  of  the  thoracic  cord  with 
subsequent  overgrowth  of  the  glia.  Still,  among  the  cases  described, 
spinal  cord  hemorrhages  are  rare.  Moreover,  they  are  completely  in- 
dejicndent  of  other  degenerations,  and  can  by  no  means  be  regarded,  as 
Teiehmiiller  claims,  as  their  starting-point. 

The  anatomic  alterations  in  the  gray  substance  play  a  compara- 
tively small  role.  Even  with  extensive  lesions  in  the  white  substance 
they  may  be  entirely  absent  or  very  slight.  Roth  maun  observed  an 
almost  complete  disappearance  of  the  medullated  fibers  in  the  anterior 
horns,  while  Clark's  columns  and  the  ganglion-cells  of  the  anterior 
horns  remained  intact.  Boedeker  and  Juliusburger  and  Brasch  found 
alti'rations  in  Nissl's  bodies,  slight  swelling  of  the  nucleolus,  and  marked 
pigmentation. 

Most  important,  because  most  frequent  and  most  extensive,  are  the 
alterations  of  the  white  substance.  The  starting-point  for  all  the 
degenerations  is  furnished  by  very  small  foci  which  are  situated,  as  a  rule, 
in  the  vicinity  of  vessels,  and  which  show  a  very  circumscribed  degen- 
eration of  the  nerve-fibers  and  often  a  secondary  growth  of  nervous 
connective  tissue.  These  small  foci  usually  run  together  into  larger 
plaques.     Further  disturbances  then  arise  on  account  of  secondary  de- 
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generation  of  the  nerve-tracts  included  within  these  foci.  Since  the 
long  tracts  of  the  spinal  cord  lie  next  one  another,  conditions  are  found 
after  the  degeneration  has  advanced  which  simulate  combined  columnar 
scleroses.  The  genesis  of  these  alterations,  however,  shows  that  they  in 
no  case  hold  strictly  to  the  columns.  The  apparent  columnar  degenera- 
tions are  found  especially  in  the  posterior  columns,  which  do  not  remain 
entirely  intact  in  any  case  of  spinal  disease.  The  formation  of  foci  in 
other  columns  is  very  variable  and  the  participation  of  the  lateral  and 
anterior  columns  is  extremely  irregular. 

[In  his  study  of  7  cases  Burr  found  the  cord  normal  in  but  1 .  The 
lesions  were  fairly  constant.  The  cervical  swelling  was  always  the  prin- 
cipal seat  of  change,  from  which  point  downward  there  was  a  gradual 
decrease  in  the  pathologic  condition  until  in  the  lumbar  enlargement 
a  normal  condition  was  usually  found.  He  notes,  however,  that  in 
Bowmann's  case  the  lumbar  cord  was  involved.  The  parts  of  the  cord 
affected  are  the  posterior  columns,  the  lateral  columns  in  and  near  the 
crossed  pyramidal  tracts,  the  direct  pyramidal  tracts,  and  rarely  a  band 
running  forward  along  the  circumference  of  the  cord  (direct  cerebellar 
tract).     The  gray  matter  is  rarely  affected  even  slightly. — Ed.] 

Finally,  mention  must  be  made  of  the  alterations  observed  in  the 
vessels  of  the  white  and  gray  substance  (Minnich,  Nonne,  et  al.)  which 
are  possibly  of  importance  in  the  genesis  of  the  focal  affection.  These 
investigators  found  sometimes  the  lumina  of  the  vessels  dilated,  again 
the  walls  thickened,  from  hyaline  degeneration.  Jacob  and  Moxter 
found  the  thickening  of  the  walls  so  marked  that  the  lumina  of  the 
vessels  had  disappeared. 

The  peripheral  nerves  are  described  by  the  majority  of  observers 
as  completely  intact.  V.  Noorden  reports,  however,  the  microscopic 
investigation  of  the  two  crural,  tibial,  and  peroneal  nerves  in  1  case 
in  which  extensive  alterations  were  found  in  the  spinal  cord.  The  per- 
oneal nerves  were  normal.  The  other  two  pairs  showed  about  two-  to 
three-fifths  of  the  individual  nerve  bundles  degenerated.  The  medullary 
sheaths  were  swollen  and  broken  into  irregular  masses.  The  axis 
cylinder  lay  intact  in  the  midst  of  the  broken-up  medulla.  The  nuclei 
of  the  medullary  sheaths  were  scarcely  increased,  the  vessels  and  con- 
nective tissue  showed  no  evident  alterations.  (Positive  clinical  symp- 
toms of  a  peripheral  disease  were  not  observed  in  this  case.) 

In  regard  to  the  changes  found  in  the  eye  post  mortem,  nothing  of 
impcn'tance  is  to  be  added  to  what  has  been  said  in  the  clinical  part. 
The  autopsy  completely  confirms  the  ophthalmoscopic  finding.  The 
microscopic  investigation  of  the  retinal  lesions  has  led  to  a  divergence 
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of  views.  Horner  considers  the  whitish  discoloration  which  gradually 
arises  in  the  center  of  the  small  extravasation  as  a  sign  of  absorption ; 
Manz  claims  that  it  is  produced  by  a  collection  of  round  cells ;  UhthoiF 
regards  it  as  the  expression  of  a  true  retinitis.  [De  Schweinitz  coincides 
in  this  opinion,  and  has  reported  an  interesting  study,  already  referred 
to  in  the  clinical  section. — Ed.]  Eichhorst  showed  that  the  eifusion 
of  blood  into  the  retina  arose,  at  least  sometimes,  from  an  aneurysmal 
dilatation  of  the  vessel  wall  with  subsequent  rupture,  though  undoubt- 
edly some  of  the  hemorrhages  are  explicable  only  by  diapedesis.  E. 
Fraenkel  found  in  1  case  a  marked  fatty  degeneration  of  all  the  ocular 
muscles  with  a  rich  accumulation  of  pigment  in  and  between  the  primi- 
tive bundles. 

Hemorrhages  are  also  found  among  the  pathologico-anatomic  find- 
ings of  the  organ  of  hearing.  Habermann  describes  them  in  1  case 
in  the  right  ear,  between  the  nerve-fibers  and  ganglion  cells  in  the 
cochk^a,  the  vestibule,  and  the  semicircular  canals.  The  vessels  in  the 
vicinity  of  the  hemorrhages  showed  no  aneurysmal  dilatations  as  they 
do  in  the  retina,  and,  therefore,  we  must  attribute  the  hemorrhages 
to  diapedesis. 

Several  cases  have  been  described  in  the  literature  in  which  lesions 
were  observed  in  the  skeleton.  The  best  known  is  a  frequently 
quoted  case  of  Fede's.  This  was  a  severe  anemia,  the  cause  of  wliich 
was  found  in  multiple  tumors  of  the  heads  of  the  third  to  the  ninth 
ribs,  associated  with  alterations  in  the  bone-marrow.  Since  the  blood 
examination  was  defective,  it  is  impossible  to  judge  whether  this  case 
should  be  reckoned  Avith  progressive  pernicious  anemia  or  not. 

E.  Grawitz  mentions  in  a  late  publication  a  case  of  severe  anemia 
following  syphilis,  which  he  was  inclined  to  consider  an  early  stage  of 
progressive  pernicious  anemia,  and  in  which  he  found  by  the  Rontgen 
rays  a  thickening  of  both  til>ire  and  femora.  The  l)lood  finding  in  this 
case  seems  scarcely  such  as  would  justify  a  diagnosis  of  progressive 
pernicious  anemia. 

In  the  pathologic  anatomy  of  progressive  pernicious  anemia  the 
bone-tnarrow  demands  careful  consideration  on  account  of  its  im- 
portance as  a  blood-making  organ. 

The  first  investigator,  omitting  the  incomplete  statements  of  several 
of  his  predecessors,  who  accurately  described  the  changes  in  the  bone- 
marrow  in  progressive  pernicious  anemia  and  recognized  them  as  a 
very  important  symptom  of  the  disease,  was  Cohnheim.  In  his  cele- 
brated work  of  the  year  1876  he  mentions  a  case  in  which  the  autopsy 
showed  the  fatty  marrow  of  the  long  bones  replaced  by  a  raspberry 
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jelly-like  mass.  Closer  investigation  revealed  that  this  c„rrespond«l 
to  he  norn,al  marrow  of  spongy  hones.  On  micro.,copic  exami^a  bn 
Cohnheim  found  that  this  marrow  was  almost  devoid  of  fat-oells  Ind 
co„s.sted  of  about  equal  parts  of  colorless  cells  of  different  ste  a'd 
hemoglobmcon,.a.ni„g  cells.  Some  of  the  latter  had  exactly  the  ap- 
pean.nce  of  normal  red  blood-corpuscles,  others  showed  a  much  larger 

This  discovery  of  Cohnheim's  acted  as  .a  stimulus  for  iunumemble 
mvesfgatrons  along  the  same  line  (for  the  literature,  see  Geelmuyden) 
wh,ch  confirmed  Cohnheim's  finding,  even  though  differences  of  opinion 
arose  as  to  ,ts  s.gnificance.     The  principal  discussion  arose  over  the 
qiiesfon  whether  the  alterations  in  the  bone-marrow  should,  with  Cohn- 
he,m   be  regarded  as  the  primary  process  which  produced  the  anemia 
or  whether,  as  E  Neumann  explained  them,  they  should  be  consider  d 
an  endeavor  on  the  part  of  the  organism  to  compensate  for  the  anemia, 
fi^  b    r  /  "^^^o''^''^"^  observation  w-as,  to  a  certain  extent,  modi- 
fied by  the  fact  that  a  transformation  of  yellow  fatty  marrow  into  red 
lymphoid  marrow  had  been    described  by  E.  Neumann  in  1869  "in 
ehron,c  diseases  which  led  to  marasmus";  and   further  by  the  fact 
ha  cases  of  progressive  pernicious  anemia  were  reported  by  competent 

ct  :  Th^tr  ''  Tt"^  "  "'^'"''  '"'^  transformation  did  1 
occur.  The  theory,  therefore,  of  the  essential  importance  of  these  aher- 
abons  for  progressive  pernicious  anemia  seemed  demolished 

Geelmuyden  showed  that  the  transformation  of  fatty  marrow  into 
lymphoid  marrow  was  not  a  chamcteristic  feature  of  progres.sive  per" 
mcious  anemia  but  that  the  transformed  bone-marrow  in'this  dis  ase 
may  be  readily  differentiated  microscopically  from  the  new  formed 
lymphoid  marrow  of  other  anemic,  cachectic,  and  febrile  conditions  The 
Sre"^7"•°V'^'°"^  "^""^^  "'  "-  >««er  series  of  conditions 

exacXthe  'r      "'  '\  ■^*'"'™"'  ""'■   ""^  *-^'  -«•  «'--*^  of 

wl  ",  "  ''™^"'^™f<"'  ^'''^'  ■■'  ■■^g"l">-'j'  contains  nucleated  red 

bWd  corpuscles  corresponding  in  si.e  with  normal  red  blood-corpuscles 
a  d  dLstinguishab  e  from  the  small   colorless  cells  of  the  marrow  only 

Ints  o  r°'       ;•  •     "  ''"^  ""''  *'^"^'"°^^'  *'»  transformation  rcp- 
Iwrow     '''  '  ^P'V.'^^^-  of  the  physiologic  function  of  the  bone- 

aTd7!'      T"  "         "  ■"°''  '■''"^">'  '^'''=''"«'  »^  °"^  of  reaction 
ana  regeneration. 

The  lymphoid  marrow  of  the  long  bones  in  progressive  pernicious 
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aucmia,  however,  is  distinguishable  from  this,  in  that,  although  it 
resembles  the  physiologic  red  marrow  in  its  general  elements,  the 
nucleated  red  blood-corpuscles  show  decided  differences.  They  are  in 
the  first  place  of  large  size  and  may  exceed  by  three  times  the  diameter 
of  the  normal ;  in  the  second  place  they  manifest  by  their  striking  dark 
color  a  higher  hemoglobin  content,  and  thirdly,  they  show  an  inclina- 
tion to  take  an  oval  rather  than  a  round  form.  The  lymphoid  marrow 
of  progressive  pernicious  anemia,  therefore,  is  characterized  by  its 
number  of  megaloblasts,  cells  which  are  foreign  to  the  adult  organism. 
Consequently,  even  if  this  metamorphosis  of  the  bone-marrow  is  con- 
sidered a  regenerative  process,  it  stands  far  behind  that  of  simple 
anemia  in  value. 

In  addition  we  see  elements  which,  though  not  exclusively  character- 
istic of  progressive  pernicious  anemia,  are  more  numerous  than  under 
any  normal  condition,  namely,  large  giant  cells  containing  several  (eight, 
ten,  or  sometimes  more)  red  blood-corpuscles.  Moreover,  we  find 
an  increased  deposition  of  pigment  in  and  between  the  marrow-cells. 
Both  of  these  conditions  indicate  an  increased  destruction  of  red  cor- 
puscles. 

[Ewing  ^  states  that  he  has  found  three  rather  distinct  conditions  in 
the  marrow  of  the  ribs,  the  vertebrae  and  femurs  of  fatal  cases  of 
idiopathic  pernicious  anemia. 

1.  The  Cohnheim-Rindfleisch  type  (megaloblastic  degeneration),  in 
which  with  wide  extension  of  lymphoid  marrow  an  excessive  proportion 
of  the  cells  in  the  marrow  and  nearly 'all  the  nucleated  red  cells  are 
megaloblasts  or  gigantoblasts. 

2.  Extreme  lymphoid  hyperplasia  (myeloblastic  degeneration),  in 
which  the  majority  of  cells  are  small,  hyaline,  and  mononuclear,  while 
nucleated  red  cells  are  scarce,  and  those  remaining  are  of  large  size. 
This  type  of  lesion  is  identical  with  that  recently  described  by  Naegeli 
under  the  term  "  myeloblastic  degeneration." 

3.  Recently  the  writer  encountered  a  case  of  fatal  pernicious  anemia 
of  twelve  months'  duration,  without  demonstrable  origin,  in  which  the 
marrow  showed  a  remarkable  excess  of  nucleated  red  cells  of  normal 
size. — Ed.] 

These  statements  in  regard  to  the  macroscopic  and  microscopic 
alterations  of  the  bone-marrow  require  amplification. 

In  the  first  place  the  extent  of  the  alterations  varies  within  wide 
limits  in  individual  cases.  At  one  end  of  the  series  we  have  rare  cases 
like  that  described  by  Rindfleisch.  In  this  the  entire  marrow  of  the 
^  Clinical  Pathology  of  the  Blood,  1903. 
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tubular  bones  was  transformed  into  lymphoid  tissue,  and  on  microscopic 
examination  was  found  to  consist  exclusively  of  megaloblasts.  Next 
to  such  cases  stand  others  in  which  the  entire  fatty  marrow  is  trans- 
formed into  red  marrow,  but  besides  megaloblasts  and  gigantoblasts, 
numerous  cells  of  normoblastic  type  are  found.  In  still  another  series 
we  find  the  bone-marrow  only  partially  replaced  by  red  marrow,  and 
the  relative  number  of  megaloblastic  cells  diminishing  till,  in  some 
cases,  they  appear  only  in  isolated  areas.  The  series  closes  with  those 
cases  in  w^hich,  in  spite  of  severe  universal  anemia,  not  the  slightest 
metamorphosis  of  the  fatty  marrow  is  found  (Ehrlich,  Geelrauyden, 
C.  S.  Engel).  [Lipowski,^  Muir,'  and  Ewing-*  have  reported  similar 
cases. — Ed.J 

If  we  weigh  the  significance  of  these  differences,  we  must  agree 
with  E.  Neumann,  whose  arguments  have  been  generally  convincing, 
that  the  lymphoid  transformation  of  the  fatty  marrow  is  not  the 
primary  process  which  produces  the  anemia,  but  is  an  attempt  on  the 
part  of  the  organism  to  make  good  the  losses  arising  from  the  anemia. 

Just  as  the  varying  clinical  manifestations  of  different  cases  of  anemia 
have  sometimes  been  regarded  as  merely  gradations  in  intensity,  so  the 
alterations  in  the  bone-marrow  have  been  regarded  as  graded  reactions 
to  the  same  variety  of  irritation  (Muir),  and  have  been  represented  as 
follows  :  1.  All  influences  tending  to  produce  anemia  stimulate  the 
normal  bone-marrow  so  that  the  increased  blood  destruction  will  be  met 
by  an  increased  blood  formation.  This  occurs  when  the  normally  in- 
active bone-marrow  takes  up  the  hematopoietic  function.  2.  If  the 
anemic  influence  continues  its  action  for  a  longer  time,  or  is  more 
intense  or  operates  in  a  case  in  which  the  bone-marrow,  on  account  of 
relative  insufficiency,  is  not  capable  of  this  physiologic  reaction,  we  see 
the  formation  of  a  megaloblastic  marrow.  This  leads,  it  is  true,  to  a 
regeneration  of  the  blood,  but  in  a  way  that  is  incomplete  and  different 
from  the  physiologic  hematopoiesis  of  adults.  3.  The  reactionary 
power  of  the  bone-marrow  is  extremely  slight ;  there  exists,  as  it  were, 
a  "  torpor  "  of  this  organ  which  can  not  be  aroused  even  by  a  severe 
anemia,  so  that  the  imperfect  megaloblastic  formation  of  blood  fails  to 
occur,  much  less  a  healthy  reaction. 

This  gradual  division,  however,  is  not  capable  of  standing  close  scru- 
tiny, since  the  difference  of  the  reaction,  as  far  as  the  normoblasts  and 
megaloblasts  are  concerned,  depends  not  on  the  varying  intensity,  but 
on  the  qualitative  difference  of  the  anemic  influence.     The  proof  of  this 

1  Deulsch.  Med.  Wochemchr.,  1000.  ^  Bn(.  Med.  Jour.,  1900. 

*  Clinical  Pathology  of  the  Blood,  1903. 
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is  the  occurrence  of  macrocytes  and  megaiocytes  in  the  blood  of  "  mild 
cases " — /.  e.,  early  stages,  which  is  not  at  all  conceivable  without  a 
megaloblastic  degeneration  of  the  bone-niarrow%  This  peculiar  meta- 
plasia, therefore,  can  be  produced  by  irritants  of  moderate  intensity  if 
they  are  of  specific  character. 

That  a  preexisting  morbid  condition  of  the  bone-marrow  is  not  to 
be  made  responsible  for  the  megaloblastic  reaction  is  in  our  opinion 
evident  from  the  fact  that  the  poison  of  the  bothriocephalus  is  so  fre- 
quently capable  of  producing  the  characteristic  anatomic  changes.  The 
assumption  would  indeed  be  far  fetched  that  a  progressive  pernicious 
anemia  instead  of  a  simple  anemia  arose  in  all  these  cases,  simply 
because  the  bone-marrow  of  the  affected  individual  was  anomalous 
]>revious  to  the  action  of  the  worm  poison.  [It  must  be  recalled,  how- 
ever, that  certain  cases  of  bothriocephalus  invasion  do  not  show  anemia 
of  progressive  jiernieious  type.  The  possibility  that  in  such  cases  tiie 
bone-marrow  is  capable  of  normal  reaction  must  be  admitted,  though  it 
has  not  been  definitely  proved. — Ed.] 

Several  difficulties  are  introduced  by  the  third  series  of  cases  of 
severe  anemia  in  which,  as  Ehrlich  first  recognised  in  vivo,  every  trace 
of  reaction  and  transformation  of  the  bone-marrow  is  wanting.  Whether 
a  deficiency  of  the  marrow  is  entirely  responsible,  or  whether  special 
peculiarities  of  the  specific  irritants  which  make  them  capable  of  de- 
stroying the  blood  but  not  of  stimulating  a  regeneration  must  be  con- 
sidered, can  not  at  present  be  decided.  Bettmann's  investigations  on 
the  influence  of  arsenic  on  the  bone-marrow  of  the  rabbit  contributes 
something  to  this  question.  By  the  administration  of  small  amounts  he 
was  able  to  produce  a  transformation  of  fatty  marrow  into  red,  which 
simulated  that  of  simple  anemia ;  by  employing  larger  doses  this 
lymphoid  metamorphosis  occurred  more  slowly  or  not  at  all.  This 
observation  seems  to  show  that  a  too  intense  irritant  paralyzes  the  com- 
pensatory power  of  a  bone-marrow  which  may  be  simulated  by  less 
severe  irritations.  A  single  case  of  bothriocephalus  anemia,  carefully 
observed  both  clinically  and  anatomically  in  wliich  this  "  bone-marrow 
aplasia  "  (Ehrlich)  was  demonstrated,  would  be  sufficient  to  decide  this 
contested  point.  The  (juestion  arises  w^hctlier  these  rare  cases  which 
correspond  clinically  to  Biermer's  picture,  but  which  lack  the  character- 
istics demanded  by  Ehrlich,  as  well  as  the  anatomic  alterations  of  the  bone- 
marrow,  are  to  be  reckoned  with  progressive  pernicious  or  severe  simple 
anemia.  If  we  were  to  proceed  strictly  logically,  a  special  group 
should  be  made  and  we  should  s])eak  of  a  normoblastic,  a  megaloblastic, 
and  an  "aplastic"  anemia.     Still,  from  a  practical  point  of  view,  the 
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writers  consider  it  more  judicious  to  reckon  these  most  rare  cases 
with  simple  chronic  anemia,  to  which  they  stand  closest  in  their  blood- 
picture.  Whoever  makes  a  careful  morphologic  analysis  of  the  blood 
along  the  lines  laid  down  by  Ehrlich  will  ahvays  be  able  to  separate 
them  and  draw  the  proper  conclusions  in  regard  to  the  prognosis. 

[Engel  ^  discusses  the  condition  of  the  blood-making  organs  as  indi- 
cated by  the  composition  of  the  blood.  He  believes  it  is  possible  to 
establish  the  character  of  these  organs  by  studying  the  blood.  He  dis- 
tinguishes four  types  of  bone-marrow  and  appends  the  character  of  blood 
met  with  in  conjunction  with  these  :  (1)  Normal  marrow  epiphyses 
contain  red  marrow,  diaphyses,  fatty  marrow.  In  the  former  ortho- 
and  polychromatic  normoblasts  may  be  found.  In  the  blood,  only  nor- 
mal orthochromatic  erythrocytes.  (2)  "  Insufficient "  marrow  (partly 
conjectural  condition).  Occasionally  the  nucleated  cells  in  the  marrow 
are  as  much  increased  in  number  as  in  pernicious  anemia.  The  blood 
conditions  associated  with  this  are  (a)  chlorosis ;  (6)  anemia  or  anemia 
with  chlorosis ;  (e)  the  presence  of  pathologic  red  corpuscles  in  the 
blood.  (3)  INIetaplastic  marrow.  Yellow  marrow  completely  or  largely 
converted  into  red  marrow.  In  the  red  portions,  megaloblasts  and  metro- 
cytes  and  also,  as  in  the  blood,  all  transitional  forms  from  normal  to 
much  enlarged  nucleated  and  non-nucleated  erythrocytes.  (4)  Aplastic 
marrow — rare.  Epiphyseal  marrow  converted  into  fatty  marrow.  No 
nucleated  red  corpuscles  nor  leukocytes.  The  blood  does  not  contain 
aljnormal  red  cells,  but  the  number  decreases  progressively. 

In  a  paper  read  before  the  New  York  Medical  Association  ^  the 
editor  expressed  the  view  that  pernicious  anemia  is  undoubtedly  a  dis- 
ease resulting  from  rapid  destruction  of  the  red  corpuscles  for  the  com- 
pensation of  which  the  blood-making  functions  prove  inadequate ;  and 
furtlier,  that  the  source  of  the  hemolytic  agents  is  the  gastro-intestinal 
tract.  He  could  not  coincide  with  Ehrlich's  view  that  there  is  a  dis- 
tinct perversion  of  bone-marrow  function,  but  merely  inadequacy. 

This  accords  with  the  view  of  those,  like  F.  P.  Henry,  who  regard  the 
marrow  reaction  of  pernicious  anemia  as  a  reversion  to  embryonal  con- 
ditions, even  thouirh  there  is  some  deviation  of  normal  embryonal 
processes.  In  this  connection  the  cases  of  metastatic  carcinoma  of  the 
marrow  with  the  clinical  features  of  j)ernicious  anemia  ought  to  be 
recalled ;  as  also  cases  described  as  sarcoma.  Among  those  who  have 
described  cases  of  pernicious  anemia  (hematologically  speaking)  with 
sarcoma  of  the  bone-marrow  are  Fede,  Quincke,  and  P.  Grawitz. — Ed.] 

As  far  as  the  distribution  of  the  lympoid  marrow  is  concerned  we 
^  3ninch.  Med.  Woch.,  1901,  No.  4.  *  Ifed.  ^'e^vs,  Oct.  20,  1900. 
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may  say  that  it  is  not  rare  to  find  normal  fatty  marrow  in  one  tubular 
bone,  while  another  shows  the  entire  marrow  transformed  to  red.  From 
the  post-mortem  protocols  the  metamorphosis  seems  to  alFect  the  tibial 
marrow  most  frequently. 

COURSE  AND  DURATION.    TERMINATION  AND 
PROGNOSIS. 

Since  progressive  pernicious  anemia  is  usually  brought  to  the  atten- 
tion of  the  physician  only  after  the  symptoms  are  well  developed,  we 
must  rely  on  the  uncertain  statements  of  the  anamnesis  for  its  beginning. 
Neither  in  cases  with  known  etiology  nor  in  those  in  which  a  simple 
anemia  may  be  considered  the  forerunner,  and  naturally  not  in  the 
kryptogenetic  cases,  can  the  time  of  the  commencement  of  the  disease  be 
determined  with  absolute  certainty.  Only  the  cases  which  come  on  dur- 
ing pregnancy  and  after  childbirth  aflPord  us  more  definite  information. 

The  previous  history  of  the  patients  is  exactly  alike  in  the  major- 
ity of  cases  ;  they  are  very  gradually  attacke<l  by  a  general  weakness 
which  renders  it  more  and  more  difficult  for  them  to  continue  their 
ordinary  occupation.  Work,  whether  physical  or  mental,  which  they 
were  able  to  accomplish  shortly  before  without  difficulty,  requires  the 
greatest  eifort,  and  the  strength  gives  out,  especially  when  the  work 
is  prolonged.  Simultaneously  alterations  in  the  appearance  set  in. 
The  color  of  the  face  and  hands  becomes  strikingly  pale,  the  features 
become  flabby,  the  eyes  dull.  Subjective  disturbances  are  quickly 
added  in  the  shape  of  paltipation,  vertigo,  tinnitus  aurium,  derange- 
ments of  vision,  and  an  inclination  to  fainting.  Then  further  objective 
symptoms  come  on,  among  the  first  of  which  is  slight  edema. 

The  progressive  character  of  the  disease  is  shown  by  the  steady 
increase  of  these  symjitonis  despite  rest  and  care,  and  the  addition  of 
other  more  severe  ones  which  rouse  the  anxiety  of  the  patient  and  his 
friends.  The  general  decline  in  health  and  strength  increases ;  the 
pallor  takes  on  its  peculiar  character  and  rapidly  reaches  the  highest 
grade  ;  the  edema  becomes  more  marked  so  that  it  is  apparent  to  the 
laity.  The  feeling  of  weakness  is  so  great  that  the  patient  leaves  his 
bed  for  only  a  short  period  daily  or  not  at  all,  and  he  is  completely 
inca])able  of  bodily  or  mental  effi)rt.  The  cardiac  disturbances  increase 
on  the  slightest  effort,  on  any  bodily  movement ;  in  fact,  a  tormenting 
palpitation  associated  with  dysj)nea  may  set  in  spontaneously  even 
during  perfect  quiet.  Distressing  symptoms  on  the  part  of  the 
stomach  and  intestine  very  frequently  apjiear.  If  the  appetite  was 
poor  at  the  beginning  of  the  disease,  it  decreases  to  a  violent  distaste 
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for  every  sort  of  nourisbment ;  dysphagia,  nausea,  and  vomiting  set  in  ; 
and  frequently  a  diarrhea  that  ean  not  be  controlled  by  dietetic  regula- 
tions is  added. 

These  symptoms  not  rarely  take  on  a  paroxysmal  character  and 
present  a  picture  which  recalls  that  of  severe  acute  intoxication. 

Following  these  symptoms,  or  if  they  are  wanting,  the  symptoms  of 
progressive  cachexia  apjjear,  unconsciousness  develops,  and  leads  to  coma 
and  death. 

This  general  picture  is  subject  to  many  alterations  depending  on 
special  symptoms  described  in  other  sections,  which  lend  variable  charac- 
teristics to  individual  eases  at  different  times,  and  to  different  cases  in 
contrast  with  one  another. 

A  very  special  peculiarity  of  progressive  pernicious  anemia  which 
is  scarcely  ever  encountered  in  such  a  marked  degree  in  other  severe 
chronic  diseases,  is  the  frequently  mentioned  interrnj)tions  in  its  course, 
the  so-called  remissions,  or  if  one  will,  the  paroxysmal-like  occur- 
rence of  the  disease.  In  any  stage  of  the  disease,  even  the  most  severe, 
a  sudden  change  may  take  place  independently  of  every  treatment, 
resulting  in  a  surprisingly  rapid  and  complete  restoration  of  the  patient. 
This  change  occurs  most  frequently  in  connection  M'ith  those  gastric 
crises  described  previously.  After  the  diarrhea  and  the  violent  vomit- 
ing have  resisted  every  remedial  effort  for  days,  they  suddenly  cease ; 
the  patient,  still  extremely  weak,  experiences  a  feeling  of  well-being 
which  produces  in  him  the  sensation  of  approaching  recovery.  The 
desire  for  food  and  drink  is  stimulated,  becomes  greater  from  day  to 
day,  and  eventually  even  insatiable.  The  general  strength  increases 
with  a  rapidity  otherwise  seen  only  in  youthful  individuals  after  a 
severe  infectious  disease.  Moreover,  if  the  nutritive  condition  has 
suffered  the  loss  of  weight  is  quickly  made  up.  An  evidence  of  the 
rapidity  and  the  degree  of  regeneration  is  furnished  by  the  estimation 
of  the  red  blood-corpuscles.  In  another  section  (see  p.  257)  was  men- 
tioned a  case  in  which  within  seventeen  days  the  number  of  erythro- 
cytes rose  from  1,340,000  to  4,115,000—/.  e.,  an  increase  of  163,000 
per  c.cni.  pro  die.  Yet  this  is  surpassed  by  cases  of  Laache  and  Schau- 
man,  in  which  an  increase  of  211,000  and  214,000  pro  die  respectively 
was  found.  As  a  matter  of  fact,  only  as  many  weeks  are  often  neces- 
sary to  bring  the  patient  to  blooming  health,  as  it  required  months  to 
produce  the  work  of  destruction. 

Laache  claims  that  precisely  in  the  stage  of  regeneration  progressive 
pernicious  anemia  is  sharply  differentiated  from  other  anemic  conditions. 
For  while  in  simple  anemia  (see  Curve,  Fig.  5)  the  average  "  value  " 
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of  the  corpuscles  sinks  on  account  of  the  increase  of  red  blood-corpuscles 
poor  in  hemoglobin,  in  the  early  stage  of  regeneration  of  progressive 
pernicious  anemia  it  is  above  tlie  normal  ;  in  other  words,  in  simple 
anemias  the  number  of  blood-corpuscles  reaches  the  normal  more 
quickly  than  the  quantity  of  hemoglobin,  while  in  progressive  pernicious 
anemia  both  run  parallel.  Schauman  and  v.  Willebrand,  who  recently 
confirmed  this  observation,  sec  its  explanation  in  the  siderosis  of  the 
internal  organs  in  progressive  pernicious  anemia,  which  makes  it  possible 
for  the  newly  formed  blood-corpuscles  to  obtain  a  larger  amount  of 
hemoglobin.  A  simpler  explanation,  however,  is  that  at  the  beginning 
of  the  remission  the  bone-marrow  has  still  at  its  disposal  a  large  store 
of  megaloqytes  rich  in  hemoglobin.  Moreover,  it  is  likely  that  the 
marrow,  even  after  the  removal  of  the  hypothetic  irritation  which  was 
the  original  cause  of  the  formation  of  megaloblasts  and  megalocytcs, 
still  continues  for  a  time  to  work  in  the  old  direction,  and  returns 
only  gradually  to  the  production  of  normal  cells.  Toward  the  end  of 
regeneration  the  amount  of  hemoglobin  in  the  corpuscles  becomes 
normal  or  even  sinks  under  the  normal. 

It  was  previously  mentioned  that  a  complete  remission  may  occur 
quite  apart  from  treatment,  even  when  the  patient  is  "  in  extremis." 
Laache  observed  a  patient  rouse  from  a  five  to  six  days'  stupor  and 
gradually  return  to  perfect  health  ;  and  Prof.  Renvers  has  privately 
informed  me  of  the  case  of  a  patient  who  was  brought  to  the  hos- 
pital "  moribund,"  and  who,  without  other  than  the  symptomatic  treat- 
ment demanded  by  her  dangerous  condition,  aroused  from  the  coma 
within  twenty-four  hours,  and  from  that  moment  convalesced  under 
the  employment  of  arsenic  till  within  a  few  months  she  was  entirely 
well. 

Moreover,  in  less  advanced  stages  the  disease  may  come  to  a  sudden 
halt,  and  renounce  for  a  time  its  progressive  character  or  even  entirely 
disappear.  Further,  this  transformation  may  occur  gradually  without 
a  crisis  being  evident.  While  dismissing  from  consideration  at  present 
the  definite  cure  of  bothriocephalus  anemia,  this  stage  of  remission  de- 
serves special  attention.  The  remission  may  be  so  complete  that  the 
patient  feels  "  better  than  ever  before,"  a  feeling  which  is  naturally  in 
great  part  called  forth  by  the  remembrance  of  the  suifering  just  past. 
Moreover,  to  the  inexperienced  glance  of  the  laity,  the  recovery  may 
seem  to  be  complete.  Still,  on  careful  examination,  signs  are  found 
which  show  that  the  recovery  is  not  complete.  For  instance,  an  ex- 
treme excitability  of  the  heart,  in  consequence  of  which  insignificant 
influences  increase  the  frequency  of  the  pulse,  persistence  of  the  anemic 
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murmurs,  an  inclination,  even  though  slight,  to  edema,  and  finally 
trifling  anomalies  in  the  composition  of  the  blood. 

In  our  opinion  the  greatest  stress  is  to  be  laid  on  the  last  factor. 
The  writers  have  several  times  been  able  to  subject  the  blood  of  such 
cases  to  continuous  control  and  have  found  the  amount  of  hemoglobin 
and  the  histologic  appearances  practically  normal ;  the  few  deviations 
in  shape  and  size  of  the  cells  and  their  manner  of  taking  the  stain  were 
so  slight  that  they  lay  within  normal  limits.  In  fact,  the  only  anomaly 
that  the  writers  were  able  to  find  in  this  apparently  normal  blood  was 
punctate  erythrocytes.  Though  these  were  present  in  extremely  small 
numbers,  and  not  even  in  every  preparation,  they  were  found  in  every 
case  several  tmies  (see  Plate  II.,  Fig.  4). 

The  further  fate  of  these  apparent  recoveries  shows  better  than  these 
insignificant  symptoms  that,  even  in  the  stage  of  remission,  the  progres- 
sive pernicious  anemia  is  only  latent.  After  a  more  or  less  long  interval 
the  severe  symptoms  of  the  disease  reappear  and  lead  anew  to  an  acme 
stage  to  which  the  patient  succumbs,  or  an  alternation  of  the  two  con- 
ditions may  be  repeated  several  times. 

Not  a  few  cases  are  reported  in  the  literature  in  which  the  individual 
"  paroxysms  "  are  described  from  the  first  breaking  out  of  the  disease 
till  death,  and  we  take  the  liberty  of  referring  to  several : 

Striirapell  describes  a  case  that  showed  its  first  symptom  at  the  end  of 
the  year  1874  and  the  first  severe  condition  in  September,  1875,  which 
resulted  in  perfect  recovery  after  eight  weeks.  During  the  period  from 
March  to  July,  1876,  the  status  gravis  was  repeated.  In  November,  1876, 
the  symptoms  again  became  progressively  worse  till  the  exitus  lethalis  in 
April,  1877. 

From  their  own  experience  the  writers  can  report  more  frequent  remissions 
in  only  1  case.  The  disease  began  about  September,  1894,  and  was  severe  in 
the  middle  of  October  of  the  same  year.  The  patient  left  the  hospital  well  at 
the  end  of  November.  Deterioration  again  set  in  in  the  spring  of  1895  and 
complete  recovery  did  not  occur  thereafter.  In  August,  1895,  a  renewal  of 
the  status  gravis  ;  in  autumn  of  the  same  year  the  exitus  lethalis  (outside  the 
hospital). 

A  case  of  Paechtner's  showed  repeated  intervals,  which  were,  in  addition, 
very  reraarkal)le  on  account  of  their  long  duration  :  1,  Pretty  severe  condi- 
tion July,  1888  ;  2,  repeated  June,  1889 ;  then  perfect  health  till  April, 
1894;  death  June,  1894. 

Finally,  we  must  mention  a  case  quoted  by  Laache  in  a  recent  work 
from  the  Norwegian  literature  (Malthe,  1878)  ;  thougli  unfortunately  without 
stating  the  nunil)er  of  remissions  or  describing  the  blood-finding,  so  that  it 
can  not  l)e  determined  with  certainty  from  wliat  time  the  disease  should  he 
reckoned  with  progressive  ])erni(^ious  anemia.  The  j)atient,  who  was  a  mason, 
was  observed  for  ten  years  before  death  by  Malthe,  and  during  this  time 
was  so  far  cured  "time  after  time"  by  Fowler's  solution  that  he  was  able  to 
continue  his  occupation. 
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In  a  case  like  Paechtuer's,  in  which  the  patient  remained  well  for 
almost  five  years,  the  assumption  can  not  be  disregarded  that  the  disease 
was  completely  cured  after  the  second  paroxysm  and  that  the  attack  in 
April,  1894,  was  a  new  one.  Moreover,  we  can  not  disprove  the  view 
that  the  remissions  represent  actual  cures  which  leave  behind  only  an 
increased  predisposition  to  the  disease,  as  do,  for  instance,  articular  rheu- 
matism, pneumonia,  erysipelas,  etc.,  though  the  scanty  observations  in 
regard  to  the  l)ehavior  of  the  cases  which  escape  severe  paroxysms  seem 
to  speak  against  it.  Decisive  conclusions  will  be  reached  only  when 
there  is  the  opportunity  to  observe  the  patients  continuously.  A  com- 
parison with  tuberculous  disease  seems  more  proper,  for  in  this  disease 
apparent  recovery  frequently  occurs  while  a  latent  focus  remains  behind 
to  break  out  again  on  trifling  stimulus. 

The  literature  contains  numerous  statements  in  regard  to  the  entire 
duration  of  the  di)iease.  Sandoz  mentions  a  case  from  Huguenin's 
clinic  which  proved  fatal  in  fourteen  days.  During  life  ulcerative 
endocarditis  was  diagnosed  and  only  on  post  mortem  was  the  disease 
recognized  as  progressive  pernicious  anemia.  Immermann  and  Eich- 
horst  each  report  a  case  of  six  weeks'  duration,  though  the  commence- 
ment was  characterized  as  only  "  rather  sudden,"  in  other  words,  it  was 
not  sharply  determined.  A  case  of  H.  Miiller's,  in  which  the  disease 
began  very  acutely  after  a  severe  hemorrhage  during  parturition,  proved 
fatal  in  seven  weeks.  In  the  majority  of  cases,  as  far  as  the  beginning 
can  be  determined,  the  duration  is  under  a  half  year.  Between  the 
beginning  of  the  disease  and  death  about  five  years  occurred  in  cases 
reported  by  H.  Miiller,  Laache,  Paechtner,  and  about  ten  years  in  one 
observed  by  Malthe. 

The  fatal  termination  occurs  in  a  large  number  of  cases,  in  fact,  in  the 
great  majority,  after  coma  and  a  "  vita  minima  "  with  complete  loss  of 
strength  have  been  manifest  for  days.  Some  cases  have  been  reported  in 
which  the  end  was  ushered  in  by  violent  excitement,  delirium,  maniacal 
paroxysms  or  the  reverse,  marked  depression  or  melancholia  leading 
directly  to  coma. 

In  1  case  of  Biermer's  death  occurred  suddenly  from  cerebral 
apoplexy. 

In  almost  every  larQ;e  work  on  progressive  pernicious  anemia  we  find  a 
case  of  Litten's,  reported  in  1877,  which  terminated  in  medullary  leukemia. 
In  this  ease  the  post-mortem  diagnosis  of  leukemia  seems  justified,  yet,  look- 
ing at  the  statements  of  the  observer,  the  intra-vitam  diagnosis  of  progressive 
pernicious  anemia  from  the  reported  blood-findings  is,  to  say  the  least,  doubt- 
ful :  "  From  the  beginning — i.  e.,  eight  days  ante  mortem — the  number  of 
leukocytes  appeared  somewhat  increased";  there  was  no  poikilocytosis  and 
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a  differential  count  of  the  individual  leukocytes  or  a  mention  of  erythroblasts 
(corresponcung  to_  the  position  of  hematology  at  that  time)  was  no^Sf 
Smcethis  observation  has  been  widely  quoted;  yet  never  confi  n^ed  bv Inothe; 
thT'i  .  "  T    "''""''  '-f^-^n^tion  is  that  the  'case  was  one  oneukeUa  f  om 
the  start.     The  proportion  of  whites  to  reds  is,  as  is  well  known   ver    ™ 
able,  even  m  leukemia,  and  recent  investigations  show  that  it  i^' i^adil  Tn 
fluenced    by  intercurrent  affections  (see  pages  133  and  134^       OnT  '  i 
Jt  may  be  1  :  10,  on  the  next  1  :  50,^or  TeTi^i^r^  thatL  diaCis  oT 
leuk~  l--bleorcan  be  excluded  only  by  a  differentiaLou5?7the 
A  further  frequently  quoted  observation  of  Laache's  has  likewise  been 
made  the  premise  for  too  far-reaching  conclusions,  though  not  bv  La.che 
himself      This  re  ates  to  a  patient  with  progressive  pernfcious  anemk   who 
manifested  severa    weeks  before  her  death  marked  Iwelling  of  drivmnh 
glands  and  a  small  splenic  tumor.     The  possibility  of  a  transit  on  of  pro 
gressive  pernicious  anemia  into  pseudoleukemia  wa's  at  once  jumpe'l  a    Td 
a  close  rela  lonslnp  between  the  two  diseases  assumed.     Since  tlS  1^4  has 
remained  the  only  one  of  its  kind,  there  is  good  reason  for  thLknl  that  i 
represents  a  coincidence  of  two  different  diseases.     Moreover  this  case  comes 
from  the  period  before  the  general  employment  of  Ehidich"  Wood  Ztb^^^^^ 

In  view  of  the  above-cited  communications  in  reo-ard  to  asvmp- 
tomatic  intervals,  which  may  last  as  long  as  five  yea;s,  the  criticism 
ol  the  recoveries  reported  in  the  literature  is  evident. 

The  remark  "discharged  cured"  is  not  a  rare  one  in  the  literature  • 
but  in  only  an  extraordinarily  small  number  of  cases  do  we  find  that  the' 
observer  had  the  opportunity  of  seeing  the  patient  after  his  discharge 
from  the  hospital.     This  being  the  case,  the  statement  is  wholly  justified 
that  the  patient  in  question  succnmbed  to  a  relapse.      [Osier '  refers  to  a 
case  which  came  under  observation  in  1890  after  a  year's  duration  of 
the  illness.     He  recovered  and  was  discharged.     In  1896  he  was  read- 
mitted to  the  hospital  with   cancer  of  the^stomach.      In   Pye  Smith's 
article  in  the  Gufs  Hospital  Reports  20  cases  of  recovery  are  mentioned 
One  of  these  cases  treated  and  cured  with  arsenic  in   1880  was  found 
well  by  Colman  in   1890.     The  editor  has  had  2  cases  under  obser- 
vation more  than  five  years  after  their  cure  and  no  recurrence  had  taken 
place. — Ed.] 

^  The  statement  that  an  actual  cure  took  place  should  be  made,  accord- 
ing to  our  present  experience,  only  when  the  patient  remains  free  from 
a  paroxysm  for  at  least  five  years. 

r.n..t\^^'^  ""^  Hayem's  (observation  V.)  of  a  severe  anemia  post  partum 
possibly  responds  to  these  demands.     Hayem  had  the  op,,ortunitv  ofCing 

IS  in  3iT  'r'""''  throughout  this  period.    The  diagnosis  in  this  case 

m  our  opinion   by  no  means  absolute.     Megaloblasts  were  never  found 

^  Principles  and  Practice  of  Med. 
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and  the  color  index  of  the  red  blood-corpuscles  was  at  the  height  of  the 
disease  only  0.90  to  0.79.  Still  numerous  megalocytes  were  present  and 
the  clinical  picture  corresponded  exactly  to  progressive  pernicious  anemia. 

This  case  of  Hayem's,  if  ackno\vledged  to  be  progressive  pernicious 
anemia,  is  the  only  one  from  the  Avbole  literature  which  can  be  given 
as  an  example  of  lasting  recovery.  Therefore  the  rarity  of  such  an 
occurrence  is  so  extreme  that  apart  from  bothriocephalus  anemia  we 
must  designate  the  disease  as  incurable. 

It  is  evident  from  what  has  been  said  in  the  different  sections  that 
we  have  no  positive  basis  on  which  to  make  a  prognosis  as  to  the 
course  of  the  disease,  its  probable  duration,  or  the  termination  of  any 
single  attack.  We  can  not  foretell  with  certainty  a  fatal  termination 
either  from  the  clinical  symptoms  or  from  any  extremely  low^  percent- 
age of  blood-corpuscles ;  for  the  patient  mentioned  by  Quincke,  in 
whom  the  lowest  number  of  corpuscles  (143,000)  ever  seen  in  a  living 
person  was  found,  recovered  completely.  The  morphologic  exami- 
nation of  the  blood  likewise  fails,  for  the  writer  has  observed  one 
patient  recover  from  an  attack  which  showed  a  large  number  of  megalo- 
blasts,  complete  absence  of  eosinophile  cells,  and  marked  leukopenia. 
Generally  speaking  it  is  true  that  the  life  of  the  patient  is  in  greater 
danger  the  more  intense  the  individual  symptoms  ;  for  instance,  the 
decrease  of  the  blood-corpuscles  to  under  a  million,  or  of  the  hemo- 
globin to  under  15  per  cent.,  marked  poikilocytosis,  megaloblasts 
exclusively  without  normoblasts,  a  marked  preponderance  of  megalo- 
cytes over  the  other  forms,  etc.,  are  symptoms  indicating  a  high  degree 
of  deterioration  of  the  blood  and  give  relatively  a  bad  prognosis, 
though  individual  cases,  as  mentioned,  may  controvert  all  reckonings. 

The  occurrence  of  enormous  numbers  of  megaloblasts  and  gigantoblasts 
together  with  numerous  karyokinetic  figures  may  possibly  be  of  ominous 
significance.  The  few  findings  communicated  so  far  have  been  in  patients 
who  succumbed  to  the  disease  one  to  two  days  later ;  still  morphologic 
examinations  of  the  blood  from  the  decisive  period  are  wanting  in  cases 
which  were  aroused  from  a  deep  coma  and  were  at  least  relatively  cured. 

[Dock^  states  that  at  present  we  are  not  justified  in  ascribing  to 
mitoses  in  the  circulating  erythroblasts  any  diagnostic  or  prognostic 
value. — Ed.] 

The  unfavorable  prognostic  significance  of  megaloblasts  and  of 
macrocytes  in  general  is,  therefore,  only  conditional,  inasmuch  as  they 
only  establish  the  diagnosis  of  a  disease  which  is,  according  to  our  present 
knowledge,  incurable. 

^  Trans.  Assoc,  of  Amer.  Physicians,  1902. 
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At  the  close  of  this  section  we  have  still  a  few  words  to  say  on 
bothriocephalus  anemia,  in  which  a  causal  therapy  is  capable  of  pro- 
ducing definite  cure.  Until  the  tapeworm  is  removed  these  cases  run 
a  course  in  no  way  difierent  from  the  other  forms  of  progressive 
pernicious  anemia.  Even  the  regeneration,  according  to  Schauman, 
both  as  regards  the  increase  of  the  red  blood-corpuscles  and  of  the 
hemoglobin,  corresponds  exactly  with  what  has  been  described.  On  an 
average  the  daily  increase  in  red  blood-corpuscles  in  his  cases  amounted 
to  60,000  pro  die,  though  in  1  case  it  reached  the  enormous  number 
of  214,000.  The  rapidity  of  the  increase  in  individual  cases  varied  from 
day  to  day,  and  was  usually  greater  at  the  beginning  of  convalescence 
than  later. 

On  account  of  the  fact  that  the  hemoglobin  did  not  increase  in  the 
same  proportion  as  the  number  of  red  blood-corpuscles,  the  color-index 
quickly  sank  to  normal  or  even  under.  Later  on  in  convalescence  the 
increase  in  both  proceded  hand  in  hand.  The  observations  of  Schauman 
in  relation  to  the  erythroblasts  coincide  fully  with  our  previous  descrip- 
tion. Schauman  completed  these  investigations  by  determining  the 
average  diameter.  He  found  that  at  the  beginning  of  the  improvement 
the  average  increased,  a  fact  which  he  is  inclined  to  explain  by  the  dis- 
appearance of  the  small  forms,  though  undoubtedly  the  further  maturing 
of  the  megaloblasts  existing  before  the  removal  of  the  worm  likewise 
plays  a  part.  Moreover,  Schauman  himself  observed  an  absolute 
increase  of  macrocytes  in  the  blood  following  removal.  Later  on  the 
average  diameter  becomes  smaller  and  approaches  the  normal  with  the 
same  rapidity  that  the  macrocytes  disappear  from  the  blood. 

When  the  symptoms  of  bothriocephalus  anemia  disappear  after 
removal  of  the  worm,  we  can  undoubtedly  speak  of  an  absolute  cure. 
Schauman  had  the  opportunity  of  observing  a  small  number  of  cases, 
for  four  and  even  eight  years  after  the  removal  of  the  worm,  and  con- 
vincing himself  that  a  complete  restitutio  ad  integrum  had  resulted 
and  persisted.  In  only  one  regard  did  a  portion  of  those  cured  show 
a  definite  weakness,  namely,  in  10  out  of  16  cases  examined  no 
hydrochloric  acid  was  found  in  the  gastric  juice.  From  the  conclusions 
arrived  at  in  the  discussion  of  achylia  gastrica  and  its  relation  to  pro- 
gressive pernicious  anemia  (see  p.  287),  this  may  be  explained  by  the 
assumption  that  in  these  cases  a  more  or  less  high  degree  of  anadenia 
developed  simultaneously  with  tlie  anemia,  which  was  no  longer  curable. 
Mention  has  been  made  in  another  section  that  the  general  condition  may 
be  excellent  in  spite  of  the  atrophy  of  the  gastric  mucous  membrane. 

Schauraan's  material  gives  only  general  and  conditional  data  for  the 
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prognosis  of  bothriocephalus  anemia  quo  ad  recovery,  since  a  definite 
conclusion  can  not  be  drawn  from  the  severity  of  the  anemia.  For 
cases  which  agree  exactly  as  far  as  the  blood  examination  is  concerned, 
terminate  sometimes  in  recovery,  again  in  death.  The  prognosis  is 
naturally  relatively  more  unfavorable  the  more  advanced  the  deterio- 
ration of  the  blood,  for  instance,  the  red  blood-corpuscles  under 
1,000,000  or  even  500,000. 


COMPLICATIONS. 

The  complications  occurring  in  progressive  pernicious  anemia  are 
exceedingly  rare  and  the  disease  apparently  awakens  no  jiarticular  sus- 
ceptibility to  any  other.  At  most  the  only  suspicion  which  exists  is 
that  relative  to  the  development  of  gastric  carcinoma,  which  we  men- 
tioned previously. 

It  may  be  of  importance  to  know  that  valvular  defects,  which  are 
often  erroneously  diagnosed  in  progressive  pernicious  anemia,  have  been 
several  times  actually  found  at  autopsy,  for  instance,  a  mitral  insuffi- 
ciency in  1  case  of  Schumann's  and  a  complicated  valvular  defect  in  1 
case  of  Schauman's. 

In  comparison  with  other  anemic  conditions,  progressive  pernicious 
anemia  sliows  only  a  very  slight  inclination  to  thrombosis  formation  in 
spite  of  the  great  feebleness  of  the  heart,  a  circumstance  which  is  to 
be  explained  by  the  diminished  coagulability  of  the  blood  (Birch- 
Hirschfeld). 

The  occurrence  of  nephritis  (Laache)  is  worthy  of  mention,  since 
these  two  diseases  show  several  features  in  common  in  their  general 
pictures,  especially  albuminuria  and  edema. 

It  is  remarkable  that  the  disease  rarely  appears  to  pave  the  way  for  a 
tuberculosis,  in  spite  of  its  not  infrequent  duration  of  several  years.  We 
have  observed  an  example  of  the  coincidence  of  these  two  diseases  in 
Prof.  Kenver's  ward.  This  was  a  case  of  general  miliary  tuberculosis  of 
the  lungs,  in  which  the  blood  examination  showed  at  the  beginning  of 
observation  a  severe  progressive  pernicious  anemia.  That  the  blood- 
finding  was  not  to  be  referred  to  the  tuberculosis  is  evident  from  the 
fact  that  this  disease  j)rogressed  to  death  within  a  few  months,  while 
the  condition  of  the  blood  progressively  improved. 

In  several  cases  of  Laache's  the  occurrence  of  suppurative  foci  in 
different  localities  of  the  body  has  been  noted.  In  1  case  there  was 
a  formation  of  multiple  abscesses  in  the  skin,  in  another  a  unilateral 
.suppurative  otitis. 
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DIAGNOSIS. 

The  diagnosis  can  sometimes  be  made  from  the  first  impression  pro- 
duced by  the  general  appearance  of  the  patient.  The  general  clinical 
picture,  which  has  been  drawn  more  accurately  in  another  section,  pre- 
sents several  symptoms  very  characteristic  on  the  first  glance.  The 
peculiar  color  of  the  skin,  the  intense  pallor,  the  apathetic  expression 
of  countenance,  and  the  frequent  slight  puffiness  of  the  skin  are  often 
so  conspicuous  tliat  they  alone  lead  to  the  diagnosis.  Naturally  a  care- 
ful examination  should  never  be  omitted,  no  matter  how  convincing  the 
general  appearance.  Still,  if  on  a  thorough  physical  examination,  it  is 
found  that  the  subcutaneous  fat  is  well  preserved,  that  the  heart  shows 
the  clinical  symptoms  of  a  fatty  degeneration,  that  the  retina  is  riddled 
with  hemorrhages,  and  that  there  is  no  severe  disease  of  the  internal 
organs,  a  conscientious  physician  can  consider  these  grounds  sufficient 
on  which  to  base  a  diagnosis.  For  even  to-day,  during  the  period  of 
hematology,  we  are  able  to  recognize  cases  of  progressive  pernicious 
anemia  reported  from  earlier  times  by  the  occurrence  of  these  well- 
marked  characteristics. 

Nevertheless,  when  one  of  these  cardinal  symptoms  is  not  evidently 
developed,  or  when  a  severe  organic  disease  is  discovered,  sufficiently 
serious  suspicions  should  be  aroused  to  make  an  accurate  examination 
of  the  blood  indispensable.  For  we  must  realize  that  the  diagnosis  from 
the  general  disease-picture  is  too  subjective  a  method  to  be  of  value  in 
doubtful  cases.  Moreover  every  one  of  the  special  symptoms  may  be 
occasionally  observed  in  simple  anemias  of  severe  grade.  This  is  true 
of  the  incongruity  between  the  condition  of  nutrition  and  the  loss  of 
strength,  as  well  as  of  the  fatty  degeneration  of  the  heart  and  of  the 
retinal  hemorrhages. 

Still,  whoever  agrees  with  the  definition  of  jirogressive  pernicious 
anemia  as  a  disease  showing  blood  of  a  composition  corresponding  to  the 
embryonal  type,  will  naturally  consider  the  examination  of  the  blood 
indispensable,  even  in  those  cases  in  which  the  diagnosis  is  assured  by 
the  clinical  examination.  Moreover,  in  every  case  in  which  any  gap  is 
found  in  the  clinical  examination,  the  decision  must  rest  entirely  on  the 
result  of  the  blood  examination. 

In  making  a  diagnosis  the  examination  of  the  dried  stained  jirepa- 
ration  is  ])referablc  to  all  other  methods.  According  to  Hayeni  and 
Laache  it  is  possible  by  the  estimation  of  the  number  of  corpuscles, 
and  of  the  percentage  of  hemoglobin  and  by  tiie  determination  of  the 
color-index,  to  se])arate  progressive  pernicious  anemia  sharply  from 
other  anemias,  yet  this  is  accomplished  only  by  several  different  exam- 
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inations,  requires  costly  apparatus,  is  very  tedious,  and  requires  constant 
practice.  [Tlie  methods  referred  to  are  so  constantly  employed  by  care- 
ful practitioners  that  this  criticism  seems  strained. — Ed.] 

In  the  examination  of  the  dried  stained  preparation  attention  is 
first  directed  to  the  diameter  of  the  red  blood-corpuscles.  The  inex- 
perienced will  do  well  to  have  at  hand  for  comparison  a  preparation 
of  normal  blood,  though  with  practice  it  is  easy  to  recognize  without 
comparison  and  without  a  micrometer  whether  the  diameter  of  the 
individual  blood-discs  is  larger  than  normal.  If  only  isolated  red 
blood-corpuscles  exceed  the  normal  size  the  finding  may  be  neglected ; 
but  if  a  larger  number,  for  instance,  one-fourth  of  the  entire  number, 
exceed  the  normal,  this  indicates  an  anomaly  of  blood  formation.  True, 
there  is  another  condition  in  which  macrocytes  may  be  found  in  the 
blood,  namely  (according  to  v.  Limbeck),  in  icterus  ;  and  Gram  and 
Engelson  contend  that  the  enlargement  in  this  disorder  may  be  quite  con- 
siderable. When  icterus  exists,  therefore,  great  caution  should  be  ex- 
ercised in  determining  the  significance  of  the  megalocytes.  Still,  if  the 
enlargement  is  marked  and  aifects  a  large  number,  if  forms  of  once 
and  a  half  or  double  the  diameter  of  the  normal  occur,  and  more  than 
half  of  all  the  discs  are  affected,  the  diagnosis  of  progressive  pernicious 
anemia  is  practically  positive,  since  the  only  explanation  for  the  occur- 
rences of  so  many  very  large  non-nucleated  discs  in  the  blood  is  their 
origin  from  megaloblasts,  of  the  presence  of  which  in  the  bone-marrow 
they  are,  therefore,  a  direct  proof.  [Capps  has  suggested  determining 
the  "  volume-index "  of  the  red  corpuscles  by  enumerating  the  red 
corpuscles,  and  determining  the  bulk  of  corpuscles  with  the  hematocrit. 
If,  for  example,  the  bulk  exceeds  one-fifth  the  normal  bulk  when  the 
count  is  1,000,000  (one-fifth  normal),  the  volume-index  is  high.  He 
found  such  a  high  volume-index  regularly  in  exacerbations  of  the  dis- 
ease.— Ed.]  The  finding  of  microcytes  or  of  a  considerable  alteration  in 
shape  is  a  feature  of  every  severe  simple  anemia,  and  is  consequently  of 
no  value  in  the  diagnosis. 

Since,  however,  errors  may  arise  as  to  the  relative  size  of  the  red 
blood-corpuscles  on  account  of  certain  technical  imperfections  in  the 
pre}>aration  of  the  specimen  (see  page  26),  the  iinding  of  megalo- 
bld.sfs  becomes  of  the  greatest  importance.  Tlie  principal  significance 
of  these  cells  lies  in  their  presence  in  the  bone-marrow,  and  this  is  suffi- 
ciently demonstrated  by  the  appearance  of  their  non-nucleated  deriva- 
tives in  the  blood,  still  diagnostic  errors  are  more  surely  avoided  when 
the  megaloblasts  themselves  are  found  in  the  blood.  Mention  has 
several  times  been  made  that  their  demonstration  in  the  circulation  fre- 
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quently  requires  considerable  patience.  The  negative  result  of  an  ex- 
amination is  the  only  reason  for  a  repetition  within  a  short  period,  and 
the  absence  of  megaloblasts  should  he  stated  with  certainty  only  when 
they  are  not  found  in  several  preparations  examined  preferably  on 
several  consecutive  days. 

The  positive  finding  of  undoubted  megaloblasts  in  association  with 
numbers  of  megalocytes  is  pathognomonic  for  progressive  pernicious 
anemia  since  they  show  indisputably  that  the  formation  of  blood,  at  least 
in  parts  of  the  bone-marrow,  is  following  the  embryonal  type,  which  is 
pathologic  for  adults. 

How  the  occurrence  of  isolated  megaloblasts  found  by  a  few  investi- 
gators in  other  diseases,  for  instance,  chlorosis  (Hammerschlag),  is  to 
be  explained,  is  still  an  unsolved  question.  That  even  in  these  cases  it 
indicates  a  special  peculiarity,  is  evident  from  the  fact  that  among  so 
many  blood  examinations  as  are  at  present  undertaken  in  hospitals  it  is 
so  rarely  found.  The  most  natural  explanation  is  that  these  cases 
represent  the  beginning  of  a  true  progressive  pernicious  anemia ; 
the  only  further  fate  of  these  patients  could  decide  this.  It  is  also 
conceivable  that  a  specific  irritation  is  sufficiently  strong  to  produce 
a  megaloblastic  degeneration  in  a  small  area  of  the  bone-marrow, 
which,  with  the  removal  of  the  irritation,  proceeds  no  farther  and 
retrogresses. 

When  megaloblasts  are  not  found  on  repeated  examination  of  the 
blood,  the  diagnosis  of  progressive  pernicious  anemia,  based  on  the 
clinical  symptoms,  does  not  necessarily  fall  to  the  ground.  As  ex- 
plained above,  the  diagnosis  in  this  case  may  be  made  from  the  non- 
nucleated  red  blood-corpuscles.  A  blood  of  pronounced  megalocytic 
character  is  characteristic  of  progressive  pernicious  anemia,  even  without 
megaloblasts.  If,  on  the  contrary,  the  blood  contains  only  small  forms 
poor  in  hemoglobin  or  a  majority  of  such  corpuscles  (see  Plate  I.,  Fig. 
2),  the  anemia  must  be  reckoned  among  the  simple  anemias.  More- 
over, when  the  examination  for  megaloblasts  is  negative,  we  must  be 
mindful  of  the  fluctuations  affecting:  the  blood  in  the  course  of  the  dis- 
ease,  for  a  short  time  after  a  negative  finding  an  examination  may 
prove  positive. 

[Referring  to  the  diagnosis  of  jiernicious  anemia,  Lipowski  ^  states 
that  megaloblasts  are  not  infrequently  absent  from  the  blood.  He  re- 
ports an  instance  in  which  the  hemoglobin  fell  to  10  per  cent,  and  tlie 
red  corpuscles  to  800,000,  and  in  whicli  there  were  hemorrhages  from 
the  skin,  changes  in  the  eye  grounds,  and  irregular  fever,  but  at  no 
1  Deustch.  Med.  Woch.,  May  24,  1900. 
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time  were  morphologic  changes  in  the  corpuscles  observed,  excepting 
some  change  in  size  very  late  in  the  disease. 

William  Pasteur^  communicated  to  the  Clinical  Society  of  London  a 
case  of  pernicious  anemia  in  a  man  aged  twenty-four,  who  had  left  his 
work  three  weeks  before  on  account  of  weakness  and  breathlessness. 
He  was  extremely  anemic.  The  spleen  was  not  enlarged.  He  was 
suifcrins:  from  double  hemorrhagic  neurorctinitis.  His  sight  had  o-rad- 
ually  failed.  Th(>re  Avas  moderate  fever.  The  blood  showed  marked 
oligocythemia  Asithout  high  color-index.  The  leukocytes  numbered 
2 GOO,  there  being  a  relative  lymphocytosis ;  no  megaloblasts  or  poikilo- 
cytes  could  be  found  in  the  blood.  The  autopsy  showed  marked  iron 
reaction  in  the  liver,  and  a  slight  reaction  in  the  spleen  and  testis.  The 
chemic  reaction  showed  six  times  the  average  amount  of  iron  in  the 
liver.  The  marked  and  rapid  hemolysis  led  him  to  classify  the  case  as 
one  of  pernicious  anemia.  The  absence  of  characteristic  changes  in  the 
blood  was  the  important  feature. 

R.  C.  Cabot"  states  that  megaloblasts  predominated  at  the  final  ex- 
amination in  37  cases,  but  were  absent  in  3  cases,  in  which  only  one 
examination  was  made. — Ed.] 

The  occurrence  of  normoblasts  carries  no  weig-ht  in  the  diaffuosis. 
The  simultaneous  presence  of  megaloblasts  and  normoblasts  gives  no 
reason  for  doubting  the  diagnosis,  since  it  merely  shows  that  the 
megaloblastic  degeneration  does  not  affect  the  entire  bone-marrow. 
Still,  from  a  number  of  observations,  we  are  able  to  draw  the  conclu- 
sion that  the  occurrence  of  normoblasts  in  large  numbers  is  sometimes 
the  forerunner  of  a  beo-inniuff  remission. 

The  ichiie  blood-corpuscles  play  an  insignificant  role  in  the  diagnosis. 
In  order  to  make  them  of  value  in  the  diagnosis  it  is  necessarv  to 
repeat  the  examination,  because  the  leukopenia  ordinarily  seen  in  pro- 
gressive pernicious  anemia  may  at  any  time  be  wanting,  owing  to  acci- 
dental complications,  and  in  the  same  way  the  more  or  less  marked 
hyperleukocytosis  usually  present  in  simple  anemia  may  show  fluctua- 
tions which  can  lead  to  error.  In  those  cases  of  Ehrlich  and  others  in 
which,  in  spite  of  a  severe  anemia,  a  metaplasia  of  the  bone-marrow  did 
not  take  place  ("aplastic  anemia  "),  the  persistent  leukopenia  decided 
the  diagnosis.  It  was  shown  that  the  leukopenia  (relation  of  whites  to 
reds  1  :  1000 ;  red  blood-corpuscles  213,360)  was  produced  by  the 
absence  of  tlie  bone-marrow  cells,  so  that  only  14  per  cent,  of  poly- 
nuclear  ncutrophiles  were  present,  while  eosinophiles  and  nucleated  red 
blood-corpuscles  were  entirely  wanting.     On  this  account  Ehrlich  con- 

^  Lancet,  Nov.  21,  1903.  ^  American  Jour,  of  Med.  Sciences,  August,  1900. 
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tended,  and  his  view  was  confirmed  by  autopsy,  that  there  was  no 
transformation  of  fatty  into  red  marrow ;  in  other  words,  that  this  was 
not  a  case  of  genuine  progressive  pernicious  anemia. 

The  cases  of  metastatic  tumors  (carcinoma,  sarcoma)  in  the  bone- 
marrow  (E.  Lazarus,  Epstein),  which  strictly  can  not  be  reckoned  with 
progressive  pernicious  anemia,  are  clinically  differentiated  from  it  with 
difficulty,  though  characteristic  differences  in  the  blood-cells  will  indi- 
cate the  proper  diagnosis.  In  contrast  to  progressive  pernicious  anemia, 
the  cases  in  question  showed  a  considerable  increase  in  leukocytes,  so  that 
the  proportion  of  whites  to  reds  was  1  :  50,  even  1  :  25.  Moreover, 
from  Epstein's  report,  it  is  evident  that  in  his  patient  there  Avas  not 
only  a  marked  polynuclear  hyperleukocytosis,  but  even  numerous  neu- 
trophile  and  eosinophile  myelocytes  in  the  blood.  Further,  the  number 
of  nucleated  red  blood-corpuscles  was  much  greater  in  these  two  obser- 
vations than  is  usual  in  progressive  pernicious  anemia.  (In  contrast  to 
this,  several  cases  of  bone-marrow  tumors  have  been  described — Noth- 
nagel,  Ehrlich,  E.  Grawitz) — which  ran  their  course  without  special  mor- 
phologic alterations  in  the  blood ;  in  fact,  rather  under  the  picture  of 
a  severe  simple  anemia  or  that  of  an  "  aplastic  "  anemia.) 

[Thomas  Houston  ^  has  published  some  very  interesting  observations 
relating  to  the  conditions  that  simulate  pernicious  anemia.  First  of  all 
he  reports  a  case  of  generalized  secondary  carcinoma  invading  the  bone- 
marrow  among  other  structures,  in  which  the  morphology  of  the  blood, 
the  clinical  symptoms,  and  the  state  of  certain  parts  of  the  bone-marrow 
simulated  exactly  the  conditions  found  in  typical  pernicious  anemia. 
He  enters  into  detail  regarding  the  blood,  especially  with  regard  to  the 
high  color-index  and  the  presence  of  megaloblasts,  and  shows  how 
exactly  this  case  corresponds  with  pernicious  anemia.  The  })athologic 
examination  did  not  show  the  hematogenous  iron-pigmentation  met  Avith 
in  pernicious  anemia,  but  this,  he  thinks,  might  be  explained  by  the  exten- 
sive cancerous  invasion  and  the  consequent  destruction  of  liver  function. 

Leaving  this  case  out  of  consideration,  the  author  states  that  his 
experience  affords  no  justification  for  the  view  that  has  been  held  that 
it  is  impossible  to  differentiate  between  the  blood  of  pernicious  anemia 
and  certain  grave  secondary  anemias.  He  tabulates  over  150  cases  with 
hemoglobin  below  50  per  cent.,  including  a  number  of  cases  of  per- 
nicious anemia  and  various  forms  of  secondary  anemias.  Only  1  of 
the  cases  of  pernicious  anemia  showed  a  color-index  below  1.0,  the 
figures  being  0.90,  and  only  1  case  not  pernicious  anemia  (the  case 
before  referred  to)  an  index  above  1.0. 

>  British  Med.  Jour.,  November  13,  1903. 
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Among  the  conditions  said  to  simulate  pernicious  anemia  are  hemor- 
rhage, intestinal  parasites,  pregnancy,  and  cancer.  AA'^ith  regard  to 
hemorrhage,  he  opposes  the  view  of  Stockman  verj'  earnestly,  and 
shows  that  the  blood-condition  after  hemorrhage  is  essentially  a  chlo- 
rotic  one,  without  a  megaloblastic  character.  He  contends  that  the 
criteria  for  the  diagnosis  of  pernicious  anemia  used  by  Stockman  in  the 
interpretation  of  some  of  his  cases  are  unreliable.  With  regard  to 
parasites,  and  especially  anchylostoma,  he  holds  that  the  color-index  is 
low  and  eosinophilia  is  common,  conditions  not  found  in  pernicious 
anemia.  He  quotes  Ehrlich's  admission  that  bothriocephalus  anemia 
may  be  identical  Avith  pernicious  anemia,  and  it  may  be  assumed  that 
he  accepts  this  with  Ehrlich's  explanation  that  there  is  a  specific  toxic 
irritation  of  the  bone-marrow.  With  regard  to  pregnancy,  Houston 
found  that  all  of  his  cases  of  severe  anemia  were  of  the  secondary  type. 
He  quotes  Ewing  and  Ahlfeld,  each  of  whom  states  that  in  a  large  ex- 
perience no  case  of  pernicious  anemia  has  been  found  associated  with 
pregnancy.  Finally,  Houston  tabulates  a  number  of  cases  of  cancer 
with  marked  anemia  to  show  that  such  cases  do  not  show  the  condition 
of  the  blood  seen  in  pernicious  anemia.  When,  exceptionally,  such 
characters  are  seen,  it  is,  he  thinks,  due  to  malignant  deposits  in  the 
bone-marrow. — Ed.] 

The  other  physical  and  clinical  methods  of  examination  of  the  blood 
are  of  no  value  in  the  diagnosis.  The  observations  are  still  too  scanty 
to  draw  diagnostic  conclusions  from  the  diminution  of  the  coagulability 
of  the  blood  as  demonstrated  by  Hayem  and  his  pupils. 

If  the  diagnosis  of  progressive  pernicious  anemia  has  been  made  by 
the  clinical  and  hematologic  examination,  an  accurate  and  frequently 
repeated  macroscopic  and  microscopic  examination  of  the  feces  should  be 
made  in  order  to  determine  the  presence  of  tapeworm  segments  or  eggs. 
If  this  examination  is  repeatedly  negative  and  the  strength  of  the  patient 
allows,  an  anthelmintic  should  be  given  in  order  to  render  the  diagnosis 
secure  and  perhajis  bring  aliout  recovery  at  the  same  time. 

Differential  Diagnosis. — Since  we  have  now  learned  the  data 
on  which  to  make  a  diagnosis  in  doubtful  cases,  it  is  sufficient  to  indicate 
briefly  the  conditions  which  may  be  clinically  confused  with  progressive 
pernicious  anemia  : 

1.  Different  forms  of  acute  and  subacute  endocarditis.  The  sub- 
jective and  objective  symptoms  on  tlic  jiart  of  the  heart  are  often  so 
pronounced  in  severe  cases  of  progressive  pernicious  anemia  that  they 
may  readily  mislead  to  the  diagnosis  of  endocarditis.  Tlie  intensity  of 
the  murmurs  especially  is  frequently  such  as  to  occasion  surprise  on 
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the  discovery  of  a  negative  postmortem  finding  or  the  cessation  of  the 
symptoms  with  the  setting  in  of  a  remission.  The  difficulties  of  the 
physical  diagnosis  are  increased  by  the  fact  that  progressive  pernicious 
anemia  may  be  associated  with  hydropericardium  and  high  fever,  and 
that  on  the  other  hand  septic  endocarditis  as  well  as  other  septic 
processes  may  lead  to  severe  anemia  (Fischl  and  Adler).  Eichhorst 
was  justified  in  his  statement  from  the  standpoint  of  hematology  at  the 
time  of  his  monograph  that  the  differential  diagnosis  between  acute 
endocarditis  and  progressive  pernicious  anemia  "  may  present  uncon- 
querable difficulties." 

2.  The  clinical  differentiation  of  a  progressive  pernicious  anemia 
from  a  concealed  gastric  carcinoma  may  likewise  present  unconquerable 
difficulties.  The  gradual  increase  in  cachexia,  obstinate  anorexia,  intense 
nausea,  dysphagia,  vomiting,  hematemesis,  the  sensitiveness  of  the 
gastric  region  to  pressure,  and  the  persistent  absence  of  free  hydrochloric 
acid  are  symptoms  common  to  both.  If  the  examination  of  the  blood 
shows  undoubtedly  the  presence  of  a  simple  anemia,  the  diagnosis  of  carci- 
noma is  assured,  but  if  the  composition  of  the  blood  is  that  of  progressive 
pernicious  anemia,  the  presence  of  a  carcinoma  ventriculi  is  not  excluded, 
as  has  been  shown  in  the  special  symptomatology  (p.  243). 

3.  Occasionally  the  S]iinal  symptoms  are  so  prominent  that  the  dis- 
ease may  be  mistaken  for  a  pure  spinal  affection.  It  is,  therefore, 
advisable  to  control  every  case  of  spinal  disease  associated  with  anemia 
by  a  careful  examination  of  the  blood. 

4.  Subacute  cases  of  progessive  pernicious  anemia  which  came  under 
the  eyes  of  the  physician  only  when  well  developed  have  given  rise  to 
confusion  with  tj/phoid  fever  (Biermer)  and  meningitis  (Laache)  on 
account  of  the  severe  general  symptoms,  the  stupor,  the  high  fever,  and 
the  diarrhea. 

5.  The  occasionally  observed  bronzing  of  the  skin  (see  p.  263)  may 
lead  to  confusion  with  Addison's  disease. 

6.  Finally,  .we  must  mention  Eichhorst's  rare  finding  of  a  hemor- 
rhagic hydrothorax  in  several  cases  of  progressive  pernicious  anemia, 
since  this  is  ordinarily  considered  pathognomonic  of  a  thoracic  neoplasm. 

THERAPY. 

CAUSAL  TREATMENT. 

No  treatment  of  progressive  pernicious  anemia  directed  against  its 
cause  has  as  yet  been  found  except  for  the  forms  produced  by  iiitestnial 
parasites,  especially  the  Bothriocephalus  latus.     As  a  matter  of  fact, 
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the  removal  of  the  worm  in  these  cases  first  demonstrated  that  the 
parasite  was  responsible  for  the  disease. 

Extract  of  felix  mas  in  its  ordinary  doses  (2-4  gm.)  should,  as 
a  rule,  be  administered  at  once  after  the  diagnosis  of  progressive  per- 
nicious anemia  and  the  presence  of  tapeworm  eggs  or  segments  has 
been  determined.  Still,  in  cases  which  come  into  the  hands  of  the 
physician  in  a  condition  of  intense  weakness  witli  severe  gastric  symp- 
toms, uncontrollable  vomiting,  and  obstinate  diarrhea,  symptomatic 
treatment  is  necessary  before  the  remedy,  which  is  very  severe  even  in 
health,  is  administered. 

According  to  Schapiro  and  Schauman  the  administration  of  the 
extract  of  felix  mas  is  frequently  followed  even  in  previously  apyretic 
cases  by  a  considerable  rise  of  temperature.  In  a  case  described  by 
Schapiro  the  fever  rose  gradually  till  it  reached  40  to  40.5°  F.  on  the  fifth 
day,  on  the  following  day  it  fell  by  crisis,  and  thereafter  the  curve 
remained  normal.  In  Schauman's  cases,  in  which  a  fever  already 
existed,  the  temperature  did  not  sink  immediately  after  the  removal  of 
the  worm,  but  remained  elevated  for  several  days  to  two  weeks ;  in  1 
case,  to  one  and  a  half  months.  In  general,  the  convalescence  and  the 
regeneration  of  the  blood  showed  a  course  similar  to  that  described  in 
remissions. 

The  comparative  harmlessness  of  this  treatment  makes  it  advisable 
to  use  it  even  in  cases  of  progressive  pernicious  anemia  in  which  eggs 
or  segments  have  not  been  found  as  soon  as  the  strength  of  the  patient 
and  the  condition  of  the  gastro-intestinal  canal  allows  it.  A  negative 
history  should  not  prevent  this  treatment ;  infection  with  Bothrio- 
cephalus  latus  may  at  the  present  day  occur  in  any  locality,  even 
though  the  patient  never  visited  a  particularly  predisposed  district.  In 
fact,  only  lately  the  transportation  of  sea-fish,  to  which  is  frequently 
ascribed  a  role  in  the  infection,  has  taken  on  extraordinary  dimensions. 

The  treatment  may  be  considered  causal  when  it  is  directed  to 
remove  or  render  harmless  the  hypothetic  toxins  thought  to  be  produced 
in  the  intestinal  canal  and  exercise  a  hemolytic  effect. 

Such  an  attempt  was  first  reported  by  Jiirgensen,  who  administered 
extract  felix  mas  in  a  severe  case  with  the  result  that  a  rapid  im- 
provement set  in,  thougli  nothing  like  a  tapeworm  was  at  any  time 
found  in  the  stools.  Jiirgensen  attributed  tlie  imjirovement  to  the 
energetic  evacuation  of  the  intestine  and  the  removal  of  enormous 
numbers  of  "  bacterium  termo."  Sandoz  observed  "  recovery  "  in  a  case 
of  progressive  })ernicious  anemia  after  repeated  washing  out  of  the 
stomach.      Dieballa   ascribes    complete    disappearance  of   the  anemia 


THERAPY.  317 

in  1  of  his  cases  to  large  closes  of  salol  (5  gni.  pro  die).  He 
had  treated  this  case  without  result  by  a  series  of  other  methods 
recommended  for  progressive  pernicious  anemia.  He  represents  the 
action  of  the  salol  as  similar  to  that  for  which  it  is  recommended  in 
cholera,  namely,  after  breaking  up  into  phenol  and  salicylic  acid,  it 
suppresses  by  its  disinfecting  properties  abnormal  intestinal  fermenta- 
tion. Dieballa's  hypothesis  is  deprived  of  every  theoretic  foundation 
by  the  exact  investigations  which  have  shown  the  impossibility  of  dis- 
infection of  the  intestinal  canal  (Stern).  The  improvement  of  his 
patient,  therefore,  must  be  referred  to  other  factors  than  the  salol.  In 
case  constipation  exists,  however,  an  evacuating  treatment  should  be 
tried,  though  it  is  not  necessary  to  employ  the  energetic  and  undoubt- 
edly harmful  measures  of  Jiirgensen  and  Sandoz,  but  only  a  regular 
and  thorough  evacuation  by  mineral  waters,  salts,  or  clysters  con- 
tinued over  some  time.  It  has  been  demonstrated  that  at  least  the 
number  of  bacteria  in  the  feces  can  be  more  readily  reduced  by  this 
treatment  than  by  the  employment  of  agents  which  show  disinfecting 
properties  in  the  test-tube.  Moreover,  it  is  well  known  that  abnormal 
decomposition  in  the  intestine  can  be  eifectually  controlled  by  dietetic 
regulations,  and  later  on  we  shall  see  that  in  progressive  pernicious 
anemia  in  particular  this  method  can  be  employed  witli  the  greatest 
advantage. 

[Acting  upon  Hunter's  hypothesis  that  the  disease  is  a  streptococcus 
infection,  several  investigators  have  tried  the  eflPect  of  an ti streptococcus 
serum  (McPhedran,  AValsh,  and  others),  but  the  results  are  uniformly 
disappointing.  Various  forms  of  mouth-washes  and  intestinal  anti- 
septics have  been  tried  on  the  same  hypothesis.  Hunter's  suggestions 
for  treatment  were  :  (1)  Antisepsis  of  the  mouth  ;  (2)  gastro-intestinal 
antisepsis ;  (3)  administration  of  arsenic ;  and  (4)  antistreptococcus 
serum. — Ed.] 

Organotherapy. — Some  investigators,  guided  by  the  results  of 
organotherapy  in  other  diseases,  have  tried  it  in  progressive  pernicious 
anemia,  proceeding  on  the  assumption  that  the  disease  takes  its  origin  in 
the  bone-marrow.  In  administering  marrow  tliey  have  sought  a  causal 
therapy.  The  literature  contains  reports  of  such  treatment  from  Frazer, 
Barrs,  Drummond,  Pepper  and  Stengel,  Grawitz,  and  others.  The  last- 
named  authority  observed  absolutely  no  result  from  its  administration, 
while  the  others  attribute  to  it  the  recoveries  in  several  of  their  cases. 

In  the  majority  of  cases  the  marrow  was  given  fresli  or  in  a  glyoeriu 
extract,  and  it  was  found  that  after  a  short  time  patients  usually  mani- 
fested a  decided   distaste  for  it.     Barrs,  therefore,  has  offered   a   ))repara- 
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tion  which  was  administered  and  well  borne  for  months  in  a  daily  dose  of 
about  90  srni.  His  recipe  is  as  follows  :  90  gm.  fresh  red  marrow  is  beaten  up 
to  a  paste  with  about  30  gm.  port  wine,  30  gm.  glycerin,  and  about  20  gm. 
gelatin  ;  the  marrow  is  mixed  with  the  wine  and  the  liquefied  gelatin  with 
the  glycerin  in  two  hot  mortars  and  the  two  mixtures  poured  together. 

From  the  observations  so  far  made  a  decision  can  not  be  reached  as 
to  the  therapeutic  eftbct  of  the  boue-marro^v,  especially  since  in  several  of 
the  reported  cases  it  was  given  only  in  conjunction  with  arsenic  or  some- 
thing else.  Those  who  refuse  to  accej^t  the  theory  that  jirogressive  per- 
nicious anemia  is  myelogenous  in  character,  see  in  the  administration 
of  bone-marrow  only  a  treatment,  and  not  a  very  energetic  one,  with 
iron  or  hemoglobin. 

We  must  finally  mention  Gusserow's  causal  treatment  of  the  pro- 
gressive pernicious  anemia  of  pregnancy  by  the  induction  of  premature 
labor ;  its  complete  failure  has  prevented  obstetricians  from  further 
attempts. 

TREATMENT  BY  THE    TRANSFUSION    OF   BLOOD. 

Years  ago  Gusserow  made  the  attempt  to  combat  the  severe  symp- 
toms in  certain  cases  by  the  transfusion  of  blood,  but  without  success. 
Later  a  whole  series  of  other  clinicians  tried  the  same,  but  in  vain,  till 
Quincke  succeeded  in  obtaining  marked  improvement  in  1  case.  This 
case  is  the  one,  several  times  quoted,  in  which  Quincke  found  that  the  num- 
ber of  red  blood-corpuscles  sank  to  143,000  per  c.mm.  The  intra-arterial 
transfusion  of  85  c.cm.  of  defibrinated  human  blood  was  followed  in 
twenty-four  hours  by  an  evident  change  in  the  general  condition,  and 
a  complete  restoration  of  the  patient  within  several  months. 

From  the  numerous  communications  on  this  subject  in  which  reports 
of  success  and  failure  alternate  Avith  one  another  (compare  Haarth),  the 
w^riter  will  mention  only  that  of  Ewald,  because  in  none  of  the  other  pa- 
tients \vas  the  danger  of  death  so  threatening.  Ewald,  without  any  hope 
of  success,  but  only  desirous  of  leaving  no  stone  unturned,  made  an  in- 
travenous transfusion  of  85  c.cm.  of  defibrinated  blood  in  a  patient  who 
lay  in  the  deepest  coma  with  reflexes  practically  abolished.  The  first 
result  was  manifest  on  the  following  day  in  a  return  of  the  reflexes  and 
consciousness,  and  with  astonishing  rapidity  the  patient  recuperated  so 
as  to  be  able  to  make  a  journey  after  several  months.  On  the  occur- 
rence of  a  relapse,  about  six  months  later,  the  transfusion  of  300  c.cm. 
of  defibrinated  blood  was  completely  without  effect. 

Immediate  effects  of  the  transfusion  were  manifest  in  almost  all 
cases  in  marked  anxiety,  dyspnea,  chill,  and  elevation  of  temperature 
to  39°  or  40°  F.     All  these  symptoms  disappeared  after  a  few  hours. 
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The  hemoglobinuria  and  nephritis  observed  by  Quincke  immediately 
after  the  transfusion  likewise  disappeared  completely  within  a  short  time. 

To  these  2  cases  we  should  like  to  add  Haarth's  statistics  of  39 
cases,  in  which  the  result  was  positive  in  17,  inasnuich  as  a  temporary 
improvement  occurred  immediately  after.  Among  the  cases  showing 
negative  results,  there  were  a  great  number  in  which,  as  in  Ewald's 
case,  the  transfusion  was  tried  only  as  a  last  resort,  or  in  which  other 
severe  complications  were  present. 

In  consideration  of  these  facts,  it  is  in  the  writer's  opinion  impossi- 
ble to  doubt  the  influence  of  the  transfusion  of  blood.  But  one  must  be 
mindful  of  the  change  which  frequently  occurs  spontaneously,  or  after 
simple  symptomatic  therapy  in  equally  severe  cases  (compare  Renver's 
case,  p.  302),  and  must  recognize  that  the  administration  of  the  treat- 
ment and  the  beginning  of  the  remission  may  occur  at  the  same  time, 
purely  as  a  coincidence. 

When  we  look  for  an  explanation  of  the  favorable  effect  of  the 
blood  transfusion,  no  satisfactory  one  can  be  found.  To  attribute 
the  result  to  the  introduction  of  living  blood,  on  the  supposi- 
tion that  it  is  capable  of  taking  up  a  part  of  the  physiologic  function 
(Eichhorst,  Quincke),  is  not  compatible  with  the  fact  that  extremely 
small  quantities  of  blood  have  been  found  sufficient.  Ewald  injected 
85  c.cm.,  Quincke  in  1  case  only  50  c.cm.,  and  Ore  saw  the  symptoms 
of  a  severe  pregnancy  anemia  disappear  within  several  weeks  after  the 
transfusion  of  40  c.cm.  Ewald  suggests  the  hypothesis  that  the  injected 
healthy  blood  acts  as  an  antitoxin  to  an  unknown  poison  circulating  in 
the  organism  in  ])rogressive  pernicious  anemia. 

With  this  lack  of  a  theoretic  foundation,  what  are  the  indications  from 
the  experiences  so  far  reported  for  the  employment  of  blood  transfusion 
in  ])rogrcssive  pernicious  anemia?  In  cases  which  manifest  a  severe 
but  not  an  immediately  dangerous  condition,  other  therapeutic  measures 
should  first  be  tried,  especially  arsensic.  Only  when  these  produce  no 
result  or  their  employment  is  impossible,  and  the  disease  symptoms  are 
evidently  progressive,  transfusion  is  to  be  done.  It  is  likewise  indicated 
in  all  severe  exacerbations,  in  threatening  collapse,  and  naturallv  in 
coma.  When  done  with  care  no  objection  can  be  raised  against  it. 
From  the  observations  so  far  made,  no  injurious  effect  has  been  found 
apart  from  the  transitory  symptoms  mentioned  above.  (For  the  technic 
of  the  operation,  see  p.  175). 
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REMEDIAL  TREATMENT. 

Arsenic. — Since  Byroni  Bramwell  recommended  the  use  of  ar- 
senic in  })rogressive  pernicious  anemia  in  1877,  this  remedy  has  been 
employed  more  than  any  other  and  has  even  acquired  the  reputation  of 
a  specific.  With  few  exceptions,  all  writers  unreservedly  attribute  the 
principal  effect  to  arsenic  in  cases  where  improvement  followed  its 
employment.  Padley  was  the  first  to  show  a  series  of  comparative 
statistics  in  resrard  to  the  residts  of  treatment  with  iron  and  other 
remedies  on  the  one  hand,  and  with  arsenic  on  the  other.  Among  48  cases 
in  the  first  group,  42  died,  2  were  still  under  treatment,  in  3  the  result 
was  not  given,  1  was  cured.  Among  22  treated  with  arsenic,  Padley 
observed  16  "  recoveries,"  2  improvements,  4  deaths  ;  among  57  treated 
with  arsenic  Fiirbringer  reported  4  relatively  cured,  16  improved,  10 
unimproved,  and  27  deaths. 

Still,  in  spite  of  these  statistics,  we  can  not  consider  that  the  favorable 
influence  of  arsenic  on  progressive  pernicious  anemia  is  incontestible. 
For,  in  the  first  place,  we  find  that  the  old  literature  before  the  intro- 
duction of  arsenic  describes  surprising  improvements  "  by  no  means 
rarely  "  (Eichhorst).  In  the  second  place,  not  a  small  number  of  cases 
have  been  reported  in  which  the  change  from  a  deep  coma  occurred 
without  the  administration  of  arsenic  (see  p.  302).  Finally,  we  have 
Schauman's  observation  that  in  18  cases  of  bothriocephalus  anemia 
treated  with  arsenic  after  the  removal  of  the  tapeworm,  the  regeneration 
of  the  blood  was  only  slightly  more  rapid  than  in  12  treated  with- 
out arsenic. 

The  favorable  influence  of  arsenic  seems  to  the  writer  to  be  less 
marked  in  these  statistics  than  it  actually  is  in  the  course  of  individual 
cases,  especially  during  the  stage  of  remission.  We  have  mentioned  in 
another  place  the  general  tendency  to  changes  during  the  remissions, 
particularly  in  the  blood-picture.  For  instance,  we  suddenly  find  a 
more  marked  poikilocytosis,  isolated  examples  of  megalocytes,  more 
numerous  punctate  erythrocytes,  etc.  These  anomalies  disappear,  as  a 
rule,  within  a  few  days  upon  the  administration  of  arsenic  and  the  blood- 
picture  becomes  again  practically  normal.  From  these  observations  it 
would  seem  that  arsenic  is  capable  of  suppressing  the  outbreak  of  a 
relapse.  In  this  sense  Laache  thus  expresses  himself  in  reference  to  a 
case  observed  by  Malthe  :  "Fowler's  solution  places  the  disease  literally 
in  our  hands." 

For  a  long  time  considerable  doubt  was  thrown  on  tiie  specific  eifect 
of  arsenic  by  the  fact  that  theoretic  grounds  for  its  curative  action 
were  wanting,  especially  after  several  investigators  (Stierlin  and  others) 
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had  shown  that,  on  the  contrary,  it  exercised  a  deleterious  influence  on 
the  blood.  The  removal  of  this  gap  has  been  accomplished  by  the 
recent  work  of  Bettmann,  who  directed  his  investigations  to  the  nature 
of  arsenic-poisoning  and  the  alterations  in  the  blood  and  bone-marrow 
produced  by  it.  From  these  investigations  we  are  able  to  draw  more 
definite  conclusions  in  regard  to  the  therapeutic  action  of  arsenic. 

Bettmann  showed  by  his  experiments  that  toxic  doses  of  arsenic 
produce  a  double  effect :  1.  The  blood-corpuscles  in  the  circulation 
become  less  resistant  and  are  destroyed  in  larger  numbers.  2.  Young 
elements  with  undoubtedly  increased  resisting  power  are  thrown  into 
the  circulation  from  the  bone-marrow  in  numbers  exceeding  the  normal. 
The  larger  the  amount  of  arsenic,  the  greater  the  destruction,  and  the 
severer  the  anemia.  From  this  we  may  draw  the  conclusion  (the 
careful  experimental  confirmation  of  which  would  be  very  desirable) 
that  on  the  administration  of  very  small  and  gradually  increased  quan- 
tities of  the  poison,  the  damage  to  the  corpuscles  in  the  circulation  is 
more  than  compensated  for  by  the  production  of  new  blood-corpuscles. 
An  intimation  of  the  curative  power  is  evident  from  Bettmann's  experi- 
ments on  the  effect  of  arsenic  in  animals  made  anemic  by  previous 
treatment  with  arsenic.  In  this  case  the  number  of  corpuscles  tempo- 
rarily increased  and  the  proportions  of  individual  leukocytes  temporarily 
approached  the  normal. 

The  treatment  of  progressive  pernicious  anemia  with  arsenic  as 
heretofore  practised  continues,  therefore,  to  hold  the  first  place.  In 
regard  to  its  practical  employment  in  this  disease  the  same  rules  apply 
as  in  its  administration  generally,  especially  the  regulation  of  a  gradual 
increase  in  dose.  We  begin  with  very  small  quantities,  1  mg.  pro  die 
of  arsenious  acid,  in  doses  of  0.5  mg.,  and  increase  about  0.5  in  two  to 
three  days,  in  other  words,  to  1.5  mg.  Reasonably  small  doses  are 
almost  always  successful  and  the  maximum  officinal  dose  need  scarcely 
ever  be  employed.  When  the  drug  is  well  borne  and  has  produced 
improvement,  it  is  recommended  to  continue  the  remedy  at  the  highest 
dose  reached  for  several  weeks,  and  then  lessen  it  gradually  in  the 
manner  that  it  was  increased.  Even  during  complete  remission  it  is 
advisable  to  administer  the  arsenic  now  and  then  in  the  same  way  for 
six  to  eight  weeks.  The  general  rule  must  also  not  be  forgotten  never 
to  give  preparations  of  arsenic  on  an  empty  stomach. 

In  order  to  accomplish  the  gradual  increase,  administration  in  liquid 
form  is  usually  recommended.  The  preparation  almost  always  em- 
ployed is  Fowler's  solution,  16  drops  of  which  contains  0.01  gm.  arseni- 
ous acid.    Ziemssen  recommends  the  subcutaneous  injection  of  liq.  sodii 
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arseniosi ;  by  using  this  both  the  digestive  disturbances  and  the  local 
caustic  effect  occurring  after  the  injection  of  the  potassium  salt  are 
more  or  less  avoided.  In  the  beginning  he  injects  once  daily  0.25 
c.cm.  of  a  1  per  cent,  solution  of  the  sodium  salt  and  increases  gradually 
sodii  arseniosi,  corresponds  to  the  maximum  dose  of  Fowler's  solution 
to  2  c.cm.  pro  die  administered  in  two  doses ;  this  quantity  =  0.02 
pro  die. 

In  addition,  especially  for  long  administration,  drinking-water  con- 
taining arsenic  has  been  recommended.  According  to  v.  Noorden  the 
following  corresponds  to  1  mg.  arsenious  acid  : 

Roncegno  water 8  c.cm. 

Strong  Levico  water 115     " 

Guberquelle  165     " 

Weak  Levico  water 1050    " 

A  serious,  often  absolute  objection  to  arsenic,  is  its  allied  effects, 
which  consist  in  a  hyperesthesia  of  the  mucous  membrane  of  the  mouth, 
a  sensation  of  irritation  in  the  esophagus,  and  severe  disturbances  of 
digestion — namely,  anorexia,  cardialgia,  nausea,  diarrhea — symptoms 
which  are  peculiar  to  progressive  pernicious  anemia  apart  from  the 
employment  of  arsenic.  These  symptoms  demand  the  unconditional 
cessation  of  the  drug.  Another  symptom,  edema  of  the  eyelids  and 
extremities,  which  is  attributable  to  the  chronic  action  of  arsenic,  is 
likewise  seen  in  progressive  pernicious  anemia.  On  the  appearance  of 
such  a  symptom  the  arsenic  treatment  must  be  stopped  for  a  time  in 
order  to  decide  whether  it  is  responsible. 

Recently  cacodylic  acid,  an  organic  arsenic  combination,  and  sodium 
cacodylate  have  been  recommended  as  very  effective  substitutes,  which 
are  free  from  the  untoward  effects  of  arsenic.  According  to  Podalowski, 
Prochorow  was  the  first  to  observe  the  striking  tonic  effect  of  this  drug 
in  phthisic  patients.  Gautier  observed  very  good  results  from  the 
drug  among  others  in  anemic  cases,  and  found  it  was  borne  in  large 
doses  over  long  periods.  I  know  so  far  of  no  communications  in  regard 
to  its  effect  in  the  treatment  of  progressive  pernicious  anemia. 

As  to  the  method  of  employment,  Gautier  prefers  the  subcutaneous  injec- 
tion in  thefollowinf;;  formula  : 

Acid,  cacodylic 5.0  parts. 

Natr.  bicarl) q.  s.  ad  saturat. 

Cocain.  hydrochl ad.  0.8     " 

Creosot gtt.  5.0     " 

Aq.  dest ad.  100.0     " 

Of  this  Gautier  injects  1  c.cm.  daily  ;  after  a  week  he  allows  an  interval 
of  a  week,  and  continues  the  administration  in  this  wise  for  months. 
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Iron. — Treatment  by  iron,  which  failed  so  signally  in  the  hands  of 
the  older  physicians,  is  no  longer  practised  during  the  severe  stage  of  the 
disease.  The  richness  of  the  erythrocytes  in  hemoglobin  and  the  large 
quantities  of  iron  stored  up  in  the  organs  show  that  there  is  no  defi- 
ciency which  might  demand  its  administration. 

After  the  remission  has  set  in,  iron  is  sometimes  administered  for  the 
purpose  of  increasing  the  hemoglobin  when  it  has  not  yet  reached  the 
normal,  or  in  general  as  a  tonic.  Still,  Litten  claims  that  he  has  seen 
actual  injury  result  from  its  employment  in  this  disease. 

Phosphorus  and  quinin,  which  were  tried  by  several  investiga- 
tors before  the  introduction  of  arsenic,  are  mentioned  only  for  the  sake 
of  the  historic  interest. 

Honigmann  tried  inhalations  of  oxygen  in  several  cases  of 
severe  simple  and  progressive  pernicious  anemia.  A  decided  improve- 
ment was  noticed  in  only  one  patient.  The  fact  that  advance  in  technic 
has  lessened  the  trouble  and  the  cost  of  oxygen  inhalations  may  lead 
to  new  attempts  with  it. 

DIETETIC  AND  CLIMATIC  TREATMENT. 

The  most  important  prescription  regarding  the  general  manner  of 
living  is  complete  rest.  In  severe  stages  of  the  disease  the  patient  is 
constrained  to  avoid  every  eflfbrt  by  the  intense  muscular  weakness,  but 
with  improvement,  like  convalescents  generally,  he  readily  overestimates 
his  strength  ;  even  during  remissions  he  should  confine  his  exertions 
within  the  limits  of  fatigue.  Every  effort  exceeding  this  moderation  is 
revenged  by  new  or  increased  disturbances  of  the  heart,  and  is  followed 
by  a  general  exhaustion  that  yields  only  gradually. 

The  same  advice  of  rest  is  applicable  to  intellectual  work  ;  more- 
over, every  mental  excitement  must  as  far  as  possible  be  eschewed. 

The  patients  possess  a  very  slight  power  of  resistance  to  extremes 
of  temperature ;  they  become  cold  very  easily  and  must  consequently 
be  protected  by  special  room  temperatures  or  corresponding  clothing ; 
they  likewise  bear  high  temperatures  very  badly  and  should  avoid  being 
exposed  to  them. 

A  climatic  treatment  may  be  considered  in  the  case  of  more  resistant 
patients.  So  far  we  have  no  communications  relative  to  the  effect  of 
high  altitudes  on  the  composition  of  the  blood  in  this  disease.  Never- 
tlieless,  the  proof  that  an  increased  blood  production  takes  place  under 
the  influence  of  high  altitudes  may  be  looked  on  as  established,  and 
this  is  a  sufficient  reason  for  bringing  suitable  cases,  especially  during 
the  hot  season,  to  moderate  altitudes,  for  instance,  800   to   1000  m. 
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The  rapid  relaxation  which  patients  experience  in  high  temperatures 
make  Southern  climates  apparently  unsuitable.  The  resisting  power 
necessary  to  withstand  stormy  weather  forbids  sojourn  at  the  sea. 

A  regular  general  massage  of  the  body  seemed  to  the  writers  very 
beneficial  in  several  patients  during  long  remissions.  It  counteracts  the 
enforced  inactivity  of  the  muscles  and  is  to  be  decidedly  recommended 
when  an  inclination  to  edema  exists. 

The  nutrition  of  the  patient  is  often  exceedingly  difficult ;  in  severe 
cases  the  vomiting  and  the  absolute  distaste  for  every  kind  of  food  may 
render  it  impossible  to  give  any  nourishment  in  quantities  worthy  of 
consideration.  For  a  time  after  the  vomiting  ceases  we  must  be 
extremely  cautious  and  limit  ourselves  to  the  frequent  administration 
of  small  amounts  of  liquid  nourishment.  As  a  rule,  milk  or  mixtures 
of  milk  with  coffee,  tea  or  cocoa,  and  grits,  rice  and  vegetable  soups 
are  borne  best ;  strong  irritants  like  alcohol,  strong  infusions  of  tea  or 
coffee  or  even  concentrated  bouillon,  are  not  borne  at  all.  Solid  food  is 
to  be  introduced  into  the  menu  very  gradually,  just  as  in  other  severe 
gastro-intestinal  affections. 

A  veiy  frequent  symptom,  even  during  advanced  convalescence,  is  a 
marked  distaste  for  meat.  We  can  and  must  reckon  on  this  and  limit 
the  patient  to  a  vegetable  diet ;  as  a  matter  of  fact,  this  has  re- 
cently been  strongly  recommended  in  anemic  conditions.  When  vege- 
table nourishment  has  been  carried  out  for  several  weeks,  and  this 
readily  meets  the  demands  of  the  body  on  account  of  the  avoidance  of 
exercise,  the  patient  usually  expresses  the  spontaneous  wish  to  have 
meat  added  to  his  meals. 

According  to  Neusser  this  temporary  vegetable  diet  is  the  best 
means  of  combating  the  increased  intestinal  decomposition,  so  that  in 
some  cases  we  are  perhaps  actually  administering  a  causal  therapy. 

The  treatment  of  special  accidents,  for  instance,  collapse,  differs  in 
no  way  from  the  same  in  other  conditions. 

THE  NATURE  OF  PROGRESSIVE  PERNICIOUS  ANEMIA. 

In  the  individual  sections  on  the  etiology,  the  pathogenesis,  the 
symptomatology,  and  the  pathologic  anatomy  of  progressive  pernicious 
anemia,  tlie  question  of  its  nature  has  been  frequently  discussed.  In 
making  the  attempt  to  exj^lain  exactly  the  nature  and  the  origin  of  the 
pathologic  changes  from  the  material  at  hand,  we  must  not  forget  what 
was  said  in  the  introduction,  that  anemias  only  arise  from  (o)  a  de- 
fective blood  formation,  (6)  an  increase  in  blood  destruction,  or  (c)  a 
coincidence  of  both. 
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We  have  learned  to  recognize  as  the  most  important  characteristic  of 
progressive  pernicious  anemia  a  severe  disturbance  of  blood  formation 
expressed  by  a  megaloblastic  degeneration  of  the  bone-marrow,  and  we 
have,  therefore,  associated  the  nature  of  the  disease  especially  with  this 
anomaly. 

An  increased  destruction  of  red  blood-corpuscles  is  shown  by  the 
almost  unexceptional  abnormally  marked  urobilinuria  during  life  and 
the  siderosis  of  the  different  organs  post  mortem.  Whether  the  ab- 
sence of  siderosis  in  a  few  rare  cases  indicates  that  an  increased  de- 
struction did  not  take  place  or  whether  the  products  of  destruction  had 
been  used  in  another  way  in  a  later  stage,  can  not  be  decided.  Still, 
the  assumption  can  not  be  denied  that  in  a  few  cases  of  progressive 
pernicious  anemia  an  increased  destruction  of  blood  failed  to  take 
place. 

What  significance  have  these  two  observations  in  the  pathogenesis 
of  progressive  pernicious  anemia  ?  Are  we  justified  in  seeing  in  one, 
that  is,  either  in  the  degeneration  of  the  bone-marrow  or  in  the  in- 
creased blood  destruction,  the  origin  of  the  symptoms  peculiar  to  the 
disease?  We  shall  be  least  likely  to  fall  into  serious  error  if,  before 
answering  this  question,  we  first  take  up  that  form  of  progressive  per- 
nicious anemia  the  etiology  of  which  we  know,  the  pathogenesis  of 
which  we  understand  pretty  well,  and  the  whole  symptomatology  of 
which  is  familiar  to  every  investigator. 

We  have  seen  that  we  are  justified  in  attributing  to  the  Bothrio- 
cephalus  latus  a  specific  poison  capable  of  causing  an  outspoken  progres- 
sive ])ernicious  anemia.  To  attribute  to  this  poison  a  blood-destroying 
action  is  not  sufficient  to  explain  its  causation  of  this  particular  form 
of  anemia,  for  clinical  observation  and  experiments  teach  us  that  long- 
continued  blood  destruction,  sufficient  even  to  endanger  life,  leads  in  the 
great  majority  of  cases  not  to  progressive  pernicious  anemia,  but  only  to 
a  vciy  severe  simple  anemia.  When,  therefore,  we  find  that  a  disturb- 
ance of  blood  formation  is  added  to  the  increased  destruction,  this  also 
must  be  attributed  directly  to  the  influence  of  the  bothriocephalus  toxin, 
in  other  words,  the  anomalous  formation  and  the  increased  destruction  are 
coordinate  effiacts  of  the  same  cause.  Moreover,  we  can  conceive  from 
the  analogy  of  arsenic-poisoning  that  the  bothrioccplialus  toxin  may 
under  particular  circumstances  exercise  only  one  of  these  two  effects. 
This  is  supported  by  the  fact  that  we  have  learned  to  recognize  further 
changes  in  the  body  which  can  only  be  regarded  as  tlic  direct  result  of 
the  poison  and  not  of  tlie  anemia,  namely,  the  atrophy  of  the  gastric 
and  intestinal  mucous  membrane  and  the  degenerations  of  the  central 
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nervous  system.  These  do  not  occur  regularly  in  every  case,  but  in  oue 
we  see  one  lesion,  in  a  second  another,  in  a  third  both  together,  and  in 
still  others  none  of  them.  Whether  certain  modifications  of  the  poison 
or  a  particular  predisposition  of  the  organs  in  question,  namely,  the 
blood,  bone-marrow,  gastro-intestinal  mucous  membrane,  and  nervous 
tissue  are  responsible  for  these  differences,  we  are  not  prepared  to  state. 

Is  it  now  permissible  to  apply  the  reasoning  evident  in  the  case  of 
bothriocephalus  anemia  to  other  forms  of  progressive  pernicious  anemia  ? 
In  the  solution  of  this  problem  experimentation  fails  us  completely. 
By  frequent  bleeding,  inanition,  infection,  and  intoxication,  we  are  able 
to  produce  anemias  of  the  severest  kinds,  but  the  picture  always  remains 
one  of  simple  anemia.  Even  with  the  specific  blood-toxins  which 
directly  destroy  the  corpuscles  in  the  circulation,  we  can  only  produce 
conditions  which  show  a  combination  of  simple  anemia  and  hemo- 
globinemia,  in  that  they  are  characterized  by  normocytes,  microcytes, 
normoblasts,  and  hemoglobinemic  inclusions.  When,  therefore,  cases 
of  progressive  pernicious  anemia  occur  that  are  undoubtedly  attribu- 
table to  these  causes,  we  must  confess  ignorance  of  the  factor  which 
produces  this  transformation  of  a  simple  to  a  progressive  pernicious 
anemia. 

We  are  still  less  in  a  position  to  explain  the  pathogenesis  of  the 
kryptogenetic  cases.  The  best-known  theories  (Hunter,  Silbermann, 
Stockman)  all  attribute  their  origin  to  an  increased  destruction  of  blood, 
and  are  differentiated  from  one  another  by  the  way  that  this  is  brought 
about.  It  is  evident,  however,  from  our  previous  discussion  that  this 
would  explain  only  a  single  symptom,  not  the  general  characteristics 
of  progressive  pernicious  anemia. 

Moreover,  there  is  no  positive  proof  of  the  interdependence  of  the 
abnormal  blood  formation  and  the  increased  blood  destruction  on  one 
another  in  the  sense  that  less  resistent  elements  are  produced  which 
succumb  more  readily. 

For  these  reasons  and  on  account  of  the  analogy  with  the  much 
more  apparent  conditions  in  bothriocephalus  anemia,  we  incline  to  the 
conclusion  that  the  megaloblastic  degeneration  of  the  bone-marrow,  the 
most  important  characteristic  of  progressive  pernicious  anemia,  is  neither 
the  cause  nor  the  effect  of  the  increased  blood  destruction,  but  that  both 
are  the  result  of  a  common  cause.  As  long  as  we  have  no  other 
explanation  for  the  origin  of  this  megaloblastic  degeneration,  we  will 
consider  the  cause  a  toxin  having  a  specific  action  on  the  bone-marrow. 
There  are  undoubtedly  a  large  number  of  such  toxins,  as  we  have 
attempted  to  show  in  the  section  on  Pathogenesis,  and  the  differences 
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in  the  manner  of  origin,  as  well  as  in  the  symptoms  in  different  cases, 
are  most  readily  explained  by  the  varying  action  of  different  toxins  to 
which  only  the  one  property  of  causing  a  megaloblastic  degeneration 
of  the  bone-marrow  is  common. 

In  representing  the  results  of  the  megaloblastic  degeneration  of  the 
bone-marrow,  we  must  remember  the  differences  stated  in  different 
sections  between  megaloblastic  and  normoblastic  formation  of  blood. 
According  to  Ehrlich  the  former  is  a  highly  defective  process  which 
lacks  the  power  of  compensating  for  the  loss  in  blood  elements.  The 
result  is  that  all  the  symptoms  of  simple  anemia  become  especially 
intense,  and  in  this  lies  the  pernicious  character  of  the  disease. 
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Chlorosis. 


DEFINITION. 

A  DEFINITION  should  not  refer  to  the  symptoms,  but  to  the  nature 
of  the  disease  in  question.  Our  position  in  reference  to  chlorosis  is 
difficult,  since  we  are  still  absolutely  ignorant  of  the  character  of  the 
affection  and  any  attempted  accuracy  of  definition  would  meet  with 
some  contradiction.  However,  in  order  to  satisfy  the  requirements  of 
a  systematic  treatise  and  to  obtain  a  fixed  starting-point  for  diagnostic 
purposes,  it  is  necessary  to  outline  the  clinical  characteristics  of  the 
disease. 

By  chlorosis  we  understand  a  disease  with  the  following  chief 
characteristics  : 

1.  The  disease  occurs  exclusively  among  females,  is  exceedingly 
common  at  puberty  and  throughout  the  succeeding  decennium,  and 
shows  an  inclination  to  recur. 

[While  all  authorities  agree  that  chlorosis  is  a  disease  of  the  female 
sex — to  the  practical  exclusion  of  males — the  assertion  of  von  Noorden 
that  the  disease  does  not  occur  among  males  is  unwarranted.  Many 
competent  authors  might  be  cited  to  prove  the  occasional  occurrence  in 
young  men.  Any  theory  of  causation  that  is  based  upon  the  exclusive 
occurrence  of  the  disease  in  girls  or  women  is  open  to  question ;  at 
least  its  universality  of  application  can  be  denied.  Further  reference 
will  be  made  to  the  question  of  sex  when  the  theories  of  chlorosis  are 
discussed. — Ed.] 

2.  The  cardinal  symptom  of  the  disease  is  anemia  or,  more  accu- 
rately, an  impoverishment  of  the  hemoglobin  and  red  corpuscles  of  the 
blood.  This  anemia  is  reponsible  for  most  of  the  other  symptoms  of 
the  disease. 

3.  The  disease  apparently  develops  spontaneously — at  all  events  all 
the  causes  which  lead  to  similar  extreme  anemias  are  wanting. 

4.  If  complications  are  absent,  the  disease  impairs  only  the  state 
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of  nutrition  of  the  blood  without  causing  any  deterioration  of  the 
nutritive  process  in  general. 

In  reference  to  what  is  known  of  the  nature  of  the  disease  we 
might  add  : 

5.  The  anemia  of  chlorosis  is  dependent  upon  an  insufficiency  of 
blood  production  and  not  upon  an  increased  destruction  of  hemoglobin 
and  blood-corpuscles. 

This  definition  needs  certain  explanations ;  further  demonstration 
is  also  required  to  indicate  in  which  direction  the  definition  is  to  be 
extended  : 

1.  Anemic  conditions  also  occur  in  males,  which  are  similar  to  the 
chlorosis  of  the  female  in  their  external  phenomena  and  in  the  behavior 
of  the  blood.  The  sexes  cause  such  a  great  variation  in  the  clinical 
picture  of  the  disease,  however,  that  the  diiferences  are  more  striking 
than  the  points  of  similarity.  The  other  blood  diseases,  such  as  the 
secondary  anemias,  pernicious  anemia,  and  leukemia  are  always  the 
same  in  both  sexes.  This  is  not  so  in  chlorosis ;  the  sex  gives  to  the 
disease  its  distinctive  characteristics.  Until  the  actual  nature  of 
chlorosis  has  been  more  accurately  established  we  can  not  lose  sight  of 
this  long-recognized  fact  without  being  led  into  the  most  dangerous 
diagnostic  errors.  We  may  ultimately  discover  that  chlorosis  is  due 
to  definite  anatomic  changes  in  important  organs,  to  anomalies  of  func- 
tion, or  to  toxic  effects,  for  example,  the  absence  or  excess  of  certain 
so-called  internal  secretions,  and  may  then  describe  many  apparently 
different  affections  under  the  heading  of  chlorosis.  Until  we  have 
gained  such  a  broad  foundation,  the  chlorosis  of  the  female  should  not 
be  classified  with  the  anemia  of  the  male. 

2.  Chlorosis  and  anemia  are  not  identical.  The  former  is  a  disease, 
the  latter  is  a  symptom  of  a  disease — in  this  instance,  a  symptom  of 
chlorosis.  In  practice  it  is  frequently  difficult  to  diagnosticate  or  to 
exclude  chlorosis  where  anemia  certainly  exists.  The  difficulties  are 
greatest  at  that  age  of  life  in  which  chlorosis  is  most  common,  since 
every  cause  of  anemia,  whether  it  be  external  or  internal,  may  at  this 
time  produce  a  disease,  which  differentiates  itself  from  chlorosis  by  its 
course  and  consequences,  but  which  nevertheless  tends  to  present  the 
features  of  a  true  chlorosis. 

3.  When  we  say  that  the  development  of  the  disease  is  apparently 
spontaneous,  it  must  not  be  understood  that  external  or  so-called  deter- 
mining causes  are  always  absent.  We  know  very  well,  for  example, 
that  chlorosis  or  chlorotic  conditions,  at  least,  may  be  initiated  by  very 
different   deleterious    influences.      It   is,    however,    very    questionable 
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whether  these  detrimeDtal  influences  do  more  than  cultivate  the  basis 
for  the  development  of  the  disease.  The  general  impression  is  obtained 
that  chlorosis  is  a  so-called  "  endogenous "  disease — L  e.,  a  disease 
requiring  a  particular  predisposition  for  its  development.  If  the  pre- 
disposition is  marked  the  chlorosis  occurs  under  all  conditions ;  if  the 
predisposition  is  weak,  the  disease  breaks  out  only  from  the  cooperation 
of  some  deleterious  external  influence. 

4.  In  the  course  of  the  description  of  the  disease  it  will  be  shown 
that  chlorosis  per  se  exerts  no  detrimental  influence  upon  the  nutri- 
tive process  in  general ;  although  many  patients  become  much  reduced 
in  the  course  of  the  affection,  an  explanation  is  always  to  be  found 
in  some  complication  or  in  the  greatest  neglect  of  the  requisite 
measures. 

5.  From  an  analysis  of  the  symptoms  it  will  be  shown  that  true 
chlorosis  offers  no  indication  whatever  that  it  is  an  "  anemia  from 
blood  destruction."  The  evidence  is,  nevertheless,  still  scanty  and  the 
author  hesitates  to  include  the  sentence  "  the  anemia  of  chlorosis  is 
dependent  upon  an  insufficiency  of  blood  production  "  as  an  absolutely 
essential  part  of  the  definition.  He  is  indeed  convinced  that  time  will 
demonstrate  the  truth  of  this  assertion.  He  considers  the  anemia  of 
chlorosis  to  be  due  to  a  pathologic  impairment  of  the  energy  of  the 
blood-forming  organs. 

If  this  conception  proves  correct  we  shall  be  able  to  define  the  dis- 
ease with  more  accuracy.  It  would  then  be  necessary  to  separate 
chlorosis  from  other  anemias  which  are  also  due  to  deficient  blood  pro- 
duction and  in  which,  likewise,  there  is  no  increased  blood  destruction. 
This  may  be  done  in  one  of  two  ways  : 

It  is  probable  that  we  shall  gradually  become  acquainted  with  all 
the  causes  which  lead  to  relaxation  of  the  blood-building  organs  in 
chlorotic  individuals,  and  chlorosis  will  then  be  defined  as  a  form  of 
atony  of  the  hematopoietic  organs  due  to  definite  and  specific  causes. 

On  the  other  hand,  the  conception  of  chlorosis  may  be  made  to 
include  all  anemias  which  are  not  caused  by  increased  blood  destruction, 
but  by  deficient  blood  production.  The  disease  which  we  now  know  as 
chlorosis  would  then  represent  only  a  variety  of  these  anemias,  and  the 
peculiarities  of  the  affection  would  be  attributed  only  to  the  age  and 
sex  of  the  patient.  An  example  for  comparison  is  furnished  by  scrofula, 
which  is  separated  from  otlier  clinical  forms  of  tuberculosis  by  its 
external  manifestations  only. 
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It  has  already  been  stated  that  we  are  not  familiar  with  all  of  the 
causes  which  favor  the  development  of  the  disease.  From  a  practical 
standpoint,  however,  it  is  important  to  study  the  conditions  under  which 
chlorosis  tends  to  appear  and  to  present  the  theories  which  have  been 
formulated  concerning  the  disease.  Most  theories  based  upon  reliable 
observations  and  clear  trains  of  thought  have  a  permanent  value  since 
they  excite  renewed  investigation. 

In  reference  to  the  etiology  we  follow  the  precedent  of  Inmiermann,^ 
Hayem,  and  others,  and  diiferentiate  between  predisposing  and  exciting 
causes. 

PREDISPOSING  CAUSES. 

Sex. — There  is  nothing  to  be  added  to  the  statements  made  in  the 
previous  section.  AVe  speak  of  chlorosis  in  regard  to  the  female  sex 
alone,  and  believe  that  the  nature  of  the  disease  must  be  better  recog- 
nized and  defined  before  we  may  speak  of  chlorosis  in  the  male. 

The  views  of  some  noted  authors "  may  be  quoted  upon  this  question. 
Immermann  is  extremely  skeptical  as  to  the  occurrence  of  chlorosis 
among  men,  and  knows  of  but  1  case  in  his  practice  which  could  be 
interpreted  as  such.  The  statements  of  Eichhorst,  Niemeyer,  Jiirgen- 
sen,  Hayem,  Luzet,  and  Liebermeister  are  no  less  positive.  Some 
authors,  as  F.  A.  Hoffman,  and  See,  say  nothing  whatever  about 
chlorosis  in  the  male.  Statistics  of  181  cases  of  chlorosis  in  the  Leip- 
sic  Medical  Clinic  have  recently  been  published  in  which  the  disease 
affected  the  male  sex  eight  times,  a  number  that  is  unusually  high  as 
compared  with  all  other  reports  (Ossent  ^).  The  clinical  histories  of 
these  cases  and  confirmatory  evidence  as  to  the  correctness  of  the  diag- 
noses are  unfortunately  not  given.  The  author  can  recall  no  case  in 
"which  he  would  have  been  able  to  diagnose  chlorosis  in  a  male. 

Age. — The  most  favorable  age  is  the  period  from  the  fourteenth  to 
the  twentieth  year.  The  first  ap]>earance  of  the  disease  nearly  always 
occurs  at  this  time  ;  it  begins  much  more  rarely  in  the  first  half  of  the 
third  decennium,  and  the  initial  onset  at  a  later  period  is  very  unusual. 
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Niemeyer's  warning  against  diagnosing  and  treating  an  anemia  arising 
after  the  twenty-fourth  year  as  chlorosis,  without  the  most  substantial 
evidence,  still  meets  with  the  approval  of  cautious  physicians.  Iso- 
lated cases  which  admit  of  no  other  interpretation  do,  however,  occur 
("  chlorose  tardive,"  Hayem,^  Rieder^).  The  chlorosis  of  mature  years 
is  much  more  frequent  in  females  who  Avere  chlorotic  in  their  youth,  the 
chlorosis  having  either  remained,  or  more  or  less  lengthy  periods  having 
intervened  between  the  individual  attacks. 

The  following  statistics  show  the  period  in  which  the  disease  first 
appeared  : 

Hayem  ^  designates  seventeen  and  a  half  years  as  the  average  age  at 
which  the  disease  commenced  in  52  cases. 

Harris  ^  states  that  of  114  chlorotic  patients — 

63  were  between  15  and  20  years  of  age; 
41     «  "       20    "    30     "      "     " 

and  10     "      over         30. 

These  statistics  of  Harris  do  not  mention  the  time  of  the  first  appear- 
ance of  the  affection. 

Ossent^  says  that  of  150  patients,  the  chlorosis  made  its  first  appear- 
ance in — 

22  before  the  14th  year; 
84  between  the  14th  and  19th  years  ; 
29       "         "     20th  "    23d       " 
and  5        "  "     24th  "    33d       " 

R.  Stockman  ^  records  63  cases.     The  twenty-third  year  was  the 
latest  in  which  the  chlorosis  began.     At  the  time  of  observation — 
44  patients  were  between  13  and  20  years  of  age; 
10       "  "  "  21     "     24      "      "     " 

and  9  were  beyond  the  24th  year  of  life. 

The  author's  own  statistics  '  with  the  results  yielded  are  given  on 
the  succeeding  page. 

^  These  records,  together  with  those  quoted  in  the  following  sections,  are  partly 
taken  from  our  notes  and  the  clinical  records  of  the  Municipal  Hospital,  of  Frankfurt 
a.  M.  The  greater  portion  of  the  material,  however,  has  been  obtained  from  tiie  case- 
books of  the  Second  Medical  Clinic  of  Berlin  and  of  the  Medical  Clinic  of  Giessen.  At 
this  i)lace  we  wish  to  thank  my  honored  precej)tors.  Profs.  Gerhardt  and  Eiegel,  for  the 
use  of  the  material  in  question.  Altogether  we  have  had  the  (Opportunity  of  consulting 
the  clinical  histories  of  about  260  cases.  It  will  readily  be  understood  that  the  entire 
series  could  not  be  utilized  for  every  individual  question,  since  the  clinical  notes,  as  well 
as  the  anamnesis,  present  condition,  and  course  of  the  disease  were  not  recorded  in  a 
unifoiin  manner  and  did  not  always  take  every  symptom  into  consideration. 
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Of  242  patients,  the  following  were  the  ages  at  which  the  chlorosis 
made  its  first  appearance  : 

2  younger  than   12  years  of  age, 


2 

were 

12   " 

2 

13   " 

19 

14   " 

31 

15   " 

44 

16   " 

32 

17   " 

31 

18   " 

17 

19   " 

23 

20   " 

14 
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10 
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24   " 

2 

older  than 

24   " 

Of  these  242  patients,  149  had  already  had  one  or  more  attacks  of 
chlorosis.     Of  these  a  recurrence  took  place  in — 
4  at  the  age  of  15     years, 

10  "  "  " 
13  "  "  " 
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Heredity  and  Predisposition. — Chlorosis  frequently  breaks  out 
in  young  girls  without  the  agency  of  any  recognizable  external  influ- 
ence, or  the  pernicious  agencies  which  are  held  responsible  for  the  dis- 
ease bear  no  relation  whatever  to  its  severity.  The  latter  statement  is 
true  only  in  the  smaller  number  of  cases.  From  experience  with  the 
origin  of  other  forms  of  anemia,  it  may  be  said  that  the  anemia  of 
chlorosis  is  fairly  well  based  upon  external  conditions  and  that  its 
intensity  is  proportional  to  the  intensity  of  the  deleterious  influence. 
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The  disease  arises  often  enough,  although  the  conditions  and  habits  of 
life  are  such  that  they  directly  seem  to  oppose  the  occurrence  of  anemia. 

Such  a  quantitative  disproportion  between  cause  and  effect  is  also 
encountered  in  the  infectious  diseases,  but  these  are  out  of  the  question 
as  far  as  chlorosis  is  concerned.  It  is  also  met  with  in  diseases  which 
are  caused,  or  at  least  favored  by,  a  predisposition.  To  this  class  belong 
gout,  obesity,  most  cases  of  diabetes,  arthritis  deformans,  myxedema, 
Basedow's  disease,  and  many  nervous  affections.  We  are  forced  to 
suppose  that  in  chlorosis  there  is  also  a  predisposition  that  must  prepare 
the  soil  before  the  external  agencies  are  able  to  bring  the  disease  to  light. 

Corresponding  to  this  view  we  find  that  chlorosis  frequently  presents 
itself  as  a  family  disease.  Very  many  patients  state  that  their  mothers 
have  also  been  chlorotic,  but  it  is  rare  to  obtain  accurate  information 
upon  the  subject.  It  has  been  frequently  observed,  however,  that  all 
the  female  members  of  one  and  the  same  generation  become  more  or 
less  chlorotic  at  the  age  of  puberty.  Any  experienced  family  practi- 
tioner will  know  of  numerous  such  instances.  In  looking  over  old 
hospital  case-books  the  author  was  unable  to  collect  any  data  upon 
this  point,  since  the  anamneses  were  almost  always  incomplete  in  this 
respect.  In  the  course  of  the  last  two  years,  however,  he  has  made 
observations  in  20  chlorotic  individuals  who  had  sisters  over  fifteen 
years  of  age. 

In  4  instances  none  of  the  sisters  was  chlorotic ;  in  7  instances 
some  of  the  sisters  were  chlorotic,  some  were  not  (yet  ?)  chlorotic  ;  in 
9  instances  all  of  the  sisters  had  been  chlorotic. 

This  small  table  refers  only  to  patients  in  well-to-do  families,  in 
which  everything  possible  had  been  done  to  maintain  the  health  of  the 
daughters. 

It  is  repeatedly  stated  that  chlorosis  is  particularly  prone  to  occur 
when  the  parents  have  had  syphilis,  tuberculosis,  gout,  diabetes,  or 
severe  nervous  diseases.  We  have  seen  no  statistics  to  prove  the  truth 
of  these  statements. 

[French  writers  particularly  have  insisted  upon  the  frequent  associa- 
tion of  chlorosis  and  a  tuberculous  family  history.  Trousseau,  Hayem, 
Jolly,  and  Byram  Bramwcll,  among  others,  have  established  series  of 
cases  to  prove  this  view.  It  must  be  remembered  that  chloro-anemia, 
difficult  to  distinguish  from  true  chlorosis,  is  frequent  in  the  incipient 
stages  of  pulmonary  tuberculosis  and  may  have  had  some  influence  in 
the  supposed  relationship  referred  to. — Ed.] 

The  records  of  217  cases  at  the  writer's  disposal  contain  definite  state- 
ments concerning  the  family  histories.     Of  these,  44  cases  or  20.3  per 
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cent,  had  parents,  brothers,  or  sisters  affected  with  tuberculosis.  The  per- 
centage is,  if  anything,  rather  small.  In  17  instances  the  patients  them- 
selves certainly  had  tubercular  antecedents  (glandular  or  articular).  Cases 
in  which  the  tuberculosis  did  not  seem  to  have  completely  disappeared 
were  not  utilized  in  these  statistics. 

The  nature  of  the  predisposition  to  chlorosis  seems  to  be  clear.  It 
can  be  nothing  else  than  a  weakness  in  the  hematopoietic  system.  It 
is  very  unlikely  that  corresponding  macroscopic  or  microscopic  changes 
will  be  found  in  the  bone-marrow  ;  at  all  events  M-e  can  not  count  upon 
them  when  conditions  of  functional  weakness  are  present.  We  may 
follow  Virchow '  and  Immermann,  and  call  the  condition  "  plastic 
adynamia  of  the  blood-building  organs."  Virchow  went  further,  as  is 
well  known,  and  believed  that  he  had  found  the  gross  anatomic  cause 
of  this  weakness  of  the  hematopoietic  organs  in  a  congenital  hypo- 
plasia of  the  vascular  system.  In  considering  the  subject  from  an 
anatomic  standpoint  and  in  neglecting  clinical  experience,  Virchow  has 
gone  much  too  far.  Xo  one  could  ever  admit  that  chlorosis  is  depen- 
dent upon  such  a  permanent  and  incurable  anomaly  as  arterial  hypo- 
plasia (for  other  evidence  against  Virchow's  theory,  see  p.  386). 
Those  writers  who  would  trace  chlorosis  to  a  deficient  development — 
i.  e.,  to  gross  anatomic  hypoplasias  and  aplasias  of  the  genitalia — will 
always  meet  with  new  difficulties.  For  every  case  which  might  be  so 
interpreted  there  will  be  ten  or  twenty  others  in  which  there  is  no 
question  of  any  gross  anatomic  deficiency  in  the  essential  parts  of  the 
sexual  apparatus. 

It  corresponds  much  better  with  the  facts  to  consider  these  three 
things — hypoplasia  of  the  vascular  system,  retarded  development  of  the 
genitalia,  and  plastic  adynamia  of  the  hematopoietic  organs — ^as  co- 
ordinated developmental  disturbances,  which  may  be  found  singly  or  in 
combination  with  each  other  or  .with  various  other  "  signs  of  degenera- 
tion." In  showing  the  relation  of  chlorosis  to  retarded  development 
of  the  genitalia,  H.  Stieda^  has  sharply  em])hasized  this  coordinated 
relation  in  a  large  number  of  cases.  The  want  of  dependence  of  chlo- 
rosis upon  congenital  narrowing  of  the  aorta  is  still  more  marked.  It 
may  frequently  happen  that  individuals  with  congenital  hypoplasia  of 
the  vascular  system  may  also  have  the  milder  developmental  disturbance 
of  the  genitalia,  which  is  evidently  much  more  frequent  and  which 
leads  to  chlorosis ;  the  jxithologic  anatomist  who  sees  the  patient  suc- 
cumb as  a  result  of  the  vascular  hypoplasia  would  consequently  readily 
acquire  the  impression  that  the  two  anomalies  were  inseparable.  It  is 
forgotten  that  in  the  great  majority  of  clinical  cases  the  chlorosis  arises 
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and  disappears  independently  of  anomalies  of  the  vascular  system  ;  there 
may  be  small  unimportant  retardations  of  development  ("  degenerative 
signs")  of  the  vascular  apparatus,  but  surely  no  anomalies  which  are 
of  importance  for  the  entire  circulation  and  for  the  nourishment  of  the 
tissues. 

Of  the  three  groups  of  congenital  anomalies  in  question  the  "  plas- 
tic adynamia  of  the  hematopoietic  organs "  is  evidently  the  mildest, 
since  it  may  be  completely  overcome  in  most  instances.  The  results  of 
this  anomaly  become  temporarily  manifest  in  the  majority  of  cases  at 
that  period  of  life  in  which  the  body  is  rapidly  completing  its  develop- 
ment, when  considerable  strength  is  demanded,  when  the  conditions  of 
life  and  nutrition  are  frequently  not  so  favorable  nor  proportionate  to 
the  new  situation  as  they  were  in  childhood,  and  particularly  when  the 
female  organism  is  for  the  first  time  subjected  to  certain  processes  which 
are  undoubtedly  related  to  blood-formation. 

The  latter  point  is  one  of  extraordinary  importance.  No  theory 
which  ignores  the  relationship  between  chlorosis  and  the  establishment 
of  sexual  maturity  can  demand  earnest  consideration.  The  combined 
weight  of  facts  is  always  directed  to  this  particular  point  in  question. 

How  shall  we  explain  this  connection  ?  A  superficial  method  of 
observation  considers  only  the  loss  of  menstrual  blood.  There  has  been 
no  lack  of  authorities  who  designated  the  losses  of  blood  as  the  imme- 
diate cause  of  the  chlorotic  anemia.  This  doctrine  dates  back  to  Trous- 
seau,'" with  his  "  menorrhagic  form "  of  chlorosis,  and  has  recently 
found  another  champion  in  Dunin.^^  The  accuracy  of  the  idea  becomes 
rather  doubtful  in  view  of  the  fact  that  most  chlorotic  patients  have 
unusually  scanty  menses ;  they  may  be  absent  for  months  and  yet  a 
rapid  recovery  does  not  take  place,  while  after  other  losses  of  blood  of 
the  amount  of  the  catamenial  flow  a  rapid  regeneration  may  be  observed 
•which  is  complete  in  a  few  days.  The  connecting  link  between  the  func- 
tions of  the  sexual  apparatus  and  the  bone-marrow  is  by  no  means  so 
■apparent.  The  nervous  system  has  been  suspected  and  the  disease  in- 
terpreted as  a  reflex  neurosis.  Our  knowledge  of  the  so-called  reflex 
neuroses  and  their  influence  upon  metabolism  is,  however,  not  so  inti- 
mate that  we  may  call  upon  tliem  without  definite  jiroof  to  explain 
sucli  a  sharply  outlined  clinical  j)icture  as  is  presented  by  chlorosis.  To 
our  mind,  it  is  more  prol)al)l('  that  the  newer  studies  upon  the  reciprocal 
chemic  relations  of  the  individual  organs  will  throw  more  light  n])on  the 
subject  than  any  of  the  preceding  hypotheses. 

In  addition  to  the  congenital  weakness  of  the  Ijlood-bnilding  appa- 
iratus  which   is  usually  overcome,  but  which   hi   other  instances   may 
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never  disappear,  a  cause  for  chlorosis  might  also  be  sought  in  an 
acquired  weakness  of  the  hematopoietic  organs.  This  acquired  weak- 
ness is  to  be  found  in  some  process  going  on  in  the  sexual  apparatus, 
since  this  form  of  chlorosis  occurs  only  at  the  time  of  puberty. 

To  repeat  briefly  Avhat  has  been  said,  we  seek  the  cause  of  chlorosis 
in  a  functional  weakness  of  the  liematopoietic  organs,  which  is  partly 
congenital  and  partly  acquired.  Based  upon  this  functional  weakness, 
there  occurs  a  temporary,  or  more  rarely  a  permanent,  true  insufficiency 
of  these  organs — /.  c,  chlorotic  anemia.  Disturbances  of  the  relations 
existing  between  the  female  sexual  a})paratus  and  the  blood-building 
process  are  necessary  for  the  development  of  the  disease. 

An  insufficiency  of  blood-formation  developing  without  any  relation 
to  the  genital  a])paratus  would  not  l)e  classified  as  chlorosis  from  our 
theoretic  standjioint.  External  deleterious  influences  nevertheless  play 
an  auxiliary  role,  since  they  may  increase  the  already  existing  weakness 
of  the  blood-building  organs  or  in  other  cases  actually  produce  it. 
It  is  of  great  practical  importance  to  be  familiar  with  these  deter- 
mining causes. 

DETERMINING  CAUSES, 

We  must  not  overestimate  the  range  of  so-called  determining  causes 
in  chlorosis.  Experience  warns  us  that  in  the  majority  of  cases  there 
is  no  pernicious  external  influence  worthy  of  note  ;  in  other  instances 
their  cooperation  is  not  to  be  denied. 

Unfavorable  Nutritive  Conditions. — If  the  total  absorption 
of  food  is  too  small  in  youth,  or  if  the  nutrition  is  sufficient  in  general 
but  wanting  in  certain  respects,  in  the  quantity  of  albumin,  for  example, 
the  body  is  backward  in  development  and  blood-formation  always  suffers. 
In  later  years  also,  a  deterioration  of  the  quality  of  the  blood,  with  or 
without  a  simultaneous  loss  of  weight,  is  always  one  of  the  earliest  results 
of  bad  nourishment.  Similar  conditions  often  obtain  in  young  girls  and 
help  to  briuir  al)()ut  tlie  attack  of  chlorosis.  In  the  first  place  we  must 
think  of  the  many  young  girls  who  go  to  work  immediately  after  they 
leave  school.  The  working  body  demands  a  considerable  increase  in 
the  amount  of  food,  but  the  demand  is  not  always  complied  with  ;  the 
wages  of  young  working  girls  are  usually  much  too  small  to  procure  a 
nutritive  diet,  and,  what  is  of  especial  importance  in  these  years  of  life, 
a  diet  rich  in  albumin.  Even  when  the  wages  are  sufficient,  the  young 
girls  are  in  total  ignorance  of  the  nutritive  value  of  foods,  and  select  a 
diet  which  is  very  satisfying,  but  which  contains  only  a  minimum  quantity 
of  actual  nutriment.     The  position  of  young  servant  girls  is  not  much 
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better.  Families  who  take  their  servants  directly  from  the  school  desk 
are  usually  in  close  circumstances  themselves.  They  nourish  them- 
selves badly,  and  frequently  can  not  be  made  to  understand  that  scanty 
food  is  more  harmful  to  the  young  person  in  their  service  than  poor 
waires  and  unkind  words.  The  contrast  between  the  old  and  new  condi- 
tious  is  still  more  marked  when  girls  from  the  country  hire  themselves 
out  in  the  city.  The  result  of  all  these  conditions  is  a  retardation  of 
further  physical  development,  anemia,  loss  of  flesh,  or,  at  least,  an 
absence  of  that  filling-out  of  the  body,  which  is  to  be  expected  in  these 
years.  Chlorosis  often  associates  itself  Avith  this  condition  of  affairs. 
It  can  frequently  be  established  in  hospitals  that  the  disease  is  some- 
thing more  than  a  mere  disturbance  of  nutrition.  It  is  an  every- 
day experience  that  young  girls  coming  from  places  where  the  nutritive 
conditions  are  bad  rapidly  increase  in  weight — ten  to  twenty  pounds 
a  month  is  by  no  means  rare.  The  chlorosis,  however,  does  not  get 
better,  and  recovery  is  delayed  for  a  considerable  time  after  a  con- 
dition of  good  general  nutrition  has  been  obtained.  It  must  not  be 
thought,  however,  that  young  girls  are  insufficiently  nourished  in  bad 
social  conditions  only.  Even  in  the  families  of  well-to-do  citizens 
it  frequently  results  from  childish  whims,  from  faulty  inspection  of 
the  diet,  and  from  an  injudicious  selection  of  foods  and  arrange- 
ment of  meal  hours.  It  does  seem,  however,  as  though  this  state  of 
affairs  is  becoming  more  uncommon  than  formerly,  and  that  proper 
attention  is  now  paid  to  the  sensible  and  sufficient  nourishment  of 
young  girls  in  these  classes  of  the  population.  If  the  nutrition  is 
deficient,  in  spite  of  all  this,  there  is  usually  some  digestive  disturbance 
present,  such  as  gastric  ulcer,  nervous  dyspepsia,  constipation,  and,  by 
no  means  the  least,  the  bad  effects  which  ensue  from  wearing  tight^fitting 
corsets.  We  very  frequently  meet  with  chlorotic  young  girls  who  are  in 
an  admirable  condition  of  general  nutrition,  and  who  show  the  falsity  of 
the  idea  that  chlorosis  nuist  always  be  preceded  by  insufficient  food,  lack 
of  digestive  power,  and  deficient  absorption.  [Stockman  insists  that  a 
deficiency  of  iron  in  the  food  is  the  exciting  cause  of  chlorosis,  while 
others  assert  there  is  deficient  absorption  of  food  of  all  kinds. — Ed.] 

Home  Conditions. — In  addition  to  the  question  of  diet,  the  liv- 
ing and  sleeping  rooms  deserve  our  first  attention.  Among  tlie  young 
girls  of  the  lower  classes  it  will  be  found  that,  with  few  exceptions, 
these  conditions  are  the  most  unfavorable  that  could  be  imagined. 
There  is  always  a  deficiency  of  fresh  air  by  day  and  by  night  in  tlie 
sleeping  and  working  rooms.  Tlie  same  unhygienic  conditions  are  not 
infrequently  met  with    in   the   houses  of  the  rich  ;  provisions  are  made 
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for  all  the  conveniences  and  comforts,  but  air  and  light  are  both 
neglected.  It  is  remarkable  what  close,  dingy,  musty  sleeping  rooms 
the  physician  often  enters,  although  the  reception  rooms  lack  no  luxury. 
It  must  be  admitted,  however,  that  these  conditions  have  considerably 
improved  in  Germany  in  the  last  few  years.  Insufficient  amounts  of 
light  and  fresh  air  are  certainly  powerful  factors  in  the  development 
of  anemic  conditions ;  they  consequently  increase  the  predisposition 
to  chlorosis  and  accelerate  its  appearance.  They  are,  however,  only 
several  of  many  deleterious  influences  and  they  play  quite  different 
roles  in  individual  cases.  The  disease  frequently  appears  in  spite  of 
the  most  favorable  conditions  of  the  home,  and  vice  verm  an  insufficient 
amount  of  light  and  fresh  air  is  followed  by  true  chlorosis  in  a  very 
small  percentage  of  cases.  [Home-sickness  seems  to  have  some  in- 
fluence in  the  development  of  chlorosis.  The  editor  has  repeatedly 
commented  upon  the  frequent  occurrence  of  chlorosis  among  maids  who 
have  recently  come  to  this  country  from  Ireland,  France,  and  other 
foreign  countries.  Some  investigation  has  led  him  to  believe  that  the 
conditions  of  life,  the  food,  etc.,  are  in  nowise  responsible,  while  nos- 
talgia was  so  marked  a  feature  in  some  of  these  cases  that  its  importance 
was  regarded  as  certain. — Ed.] 

Injudicious  Bodily  Kxercise. — The  influence  of  physical  exer- 
cise upon  blood-formation  is  not  sufficiently  established.  General 
experience  teaches  that  both  too  little  and  too  much  are  detrimental, 
and  have  a  particularly  unfavorable  influence  upon  the  quality  of  the 
blood.  In  chlorosis,  it  seems  to  me  that  overexertion  is  of  more 
importance  than  insufficient  exercise.  This  is  surely  the  case  with  many 
servant  girls  and  with  the  majority  of  females  of  the  working  classes. 
In  the  latter  instance,  we  must  also  remember  that  the  physical  exer- 
tion is  usually  in  but  one  direction,  that  the  girls  work  in  unhygienic 
surroundings,  and  that  the  other  conditions  of  life  are  likewise  unfa- 
vorable. Altogether  it  amounts  to  overexertion  of  a  body  as  yet  imma- 
ture, and  we  must  consequently  expect  an  unfavorable  reaction  upon 
the  entire  organism  in  general  and  upon  the  blood-making  organs  in 
particular.  In  other  individuals  of  this  class  (in  seamstresses,  for 
example),  and  likewise  in  the  upper  circles  of  society,  the  amount  of 
physical  exercise  is  far  below  that  required  by  health.  In  the  latter 
class,  however,  this  is  not  so  bad  as  formerly,  since  an  interest  in  the 
sports  has  rapidly  become  universal.  This  also  has  its  dangers,  since 
overexertion  is  common.  Riding,  tennis-playing,  and  especially  the 
bicycle  have  conjured  up  or  aggravated  many  a  case  of  chlorosis  where 
it  had  been  hoped  that  these  exercises  would  ward  off  the  affection. 
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Clothing". — It  has  long  been  assumed  that  the  tight  clothing  of 
the  female  has  an  unfavorable  mfluence  upon  the  general  health,  and 
chlorosis  has  also  been  made  dependent  upon  this  factor.  Great  stress 
has  been  laid  upon  this  point  recently,  and  many  writers  go  so  far  as  to 
give  the  corset  the  most  prominent  place  among  the  etiologic  factors  of 
chlorosis.  O.  Rosenbach^  and  Meinert^^  are  particularly  pronounced 
in  their  advocacy  of  this  view,  the  former  dwelling  upon  the  interfer- 
ence with  the  respiratory  movements  and  the  latter  emphasizing  the  dis- 
placement of  the  upper  abdominal  organs,  and  the  traction  upon  the 
nerve  plexuses.  Although  we  are  not  an  advocate  of  the  corset,  and  do 
not  deny  that  injudicious  lacing  may  cause  actual  disturbances  of  the 
functions  of  the  stomach,  intestines,  and  respiratory  apparatus,  and  con- 
sequently that  they  can  aggravate  the  chlorosis,  we  regard  the  standpoint 
of  Rosenbach  and  Meinert  as  altogether  one-sided.  This  point  Mill  be 
fullv  considered  in  a  later  section. 

Sexual  Influences. — At  this  place  we  will  not  speak  of  the  very 
intimate  relation  which,  according  to  our  supposition,  exists  between  the 
sexual  apparatus  and  blood-regeneration.  This  wdll  be  found  in  the 
section  upon  Theories  of  Chlorosis.  We  may  likewise  disregard 
the  relation  of  menstruation  to  chlorosis.  It  has  previously  been 
emphasized  that  menstruation  per  se  can  not  be  made  responsible  for 
the  affection.  The  disturl^ances  of  menstruation  are  more  probably  the 
results,  or  the  independent  concomitants,  than  the  cause  of  the  disease. 
The  anomalies  of  menstruation  will  be  more  appropriately  considered 
under  the  head  of  Symptomatology. 

There  are  still  other  influences  acting  through  the  genitalia  which 
have  been  suspected  of  being  the  cause  of  chlorosis.  Among  these  we 
would  j)articularly  mention  the  awakening  of  the  sexual  impulse  with- 
out gratification  of  the  same,  and  unnatural  sexual  excitement  from 
rubbing  the  genitalia.  The  older  literature  upon  chlorosis  is  rich  in 
such  references.  In  recent  years  much  less  stress  has  been  laid  upon 
this  i)oint,  and  this  is  rightly  so.  The  idea  that  chlorosis  is  introduced 
or  accompanied  by  a  tormenting  sexual  impulse  is  certainly  flillacious. 
Women  who  were  chlorotic  as  young  girls  give  credible  evidence  that 
the  cooperation  of  this  factor  is  to  be  denied.  Women  who  have  a  recur- 
rence of  their  chlorosis  during  married  life  complain  rather  of  the  extinc- 
tion of  the  sexual  impulse  during  the  chlorotic  attack  than  of  the  con- 
trary. Lovesickness  is  also  said  sometimes  to  play  a  role  in  the  etiology 
of  chlorosis.  General  experience  speaks  decidedly  for  this  view,  but  the 
manner  of  its  influence  upon  the  state  of  the  blood  is  so  obscure  that 
it  is  still  incapable  of  being  understood  and  scientifically  demonstrated. 
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OxLY  a  brief  statement  of  the  most  important  theories  of  the  patho- 
genesis of  chlorosis  will  be  given.  The  correctness  of  these  theories 
can  be  but  briefly  discussed.  Many  facts  for  and  against  the  individual 
hypotheses  will  be  found  in  the  section  upon  Symptomatology. 

Virchow  ^  :  Chlorosis  has  as  an  anatomic  basis  of  congenital  origin 
a  deficient  development  of  the  vascular  system. 

Virchow  leaves  the  question  undecided  as  to  whether  these  condi- 
tions may  be  looked  upon  as  constant.  In  his  dissertation  he  does  not 
state  whether  he  regards  the  hypoplasia,  which  he  found  in  the  dead- 
room,  as  the  cause  of  the  deficient  blood-formation,  or  whether  he  con- 
siders the  hypoplasia  of  the  vascular  system  and  the  hypoplasia  of  the 
blood  as  coordinated  factors.  Certain  expressions  seem  to  indicate  that 
he  inclines  to  the  former  view. 

["  More  recent  studies  (Paltauf,  Ortner,  Fraentzel)  indicate  that  the 
congenitally  small  heart  and  aorta  are  more  closely  associated  with  the 
conditutio  lymphatica  and  with  cardiac  disease  than  with  chlorosis. 
This  hypoplasia  has  been  found  in  subjects  never  suifering  from 
chlorosis,  and  the  majority  of  chlorotics  give  no  other  evidence  of  such 
vascular  anomalies  and  make  complete  and  permanent  recovery" 
(Ewing).  It  is  not  improbable,  however,  that  in  some  cases  this  con- 
genital vascular  anomaly  is  an  expression  of  a  systemic  condition  that 
may  predispose  to  chlorosis  when  other  causes,  such  as  the  establish- 
ment of  menstruation,  are  operative. — Ed.] 

Immermann  ' :  Chlorosis  is  always  dependent  upon  a  deficient  forma- 
tion of  blood  ("  plastic  adynamia  and  functional  anergia  of  the  cyto- 
genic  apparatus  ").  The  weakness  of  the  hematopoietic  organs  may  be 
partly  congenital,  and  is  then  associated  with  aplasia  of  the  vascular 
system,  which  Immermann  designates  as  a  higher  grade  of  the  "  chlo- 
rotic  anomalies  of  formation."  The  weakness  may  be  acquired  and 
manifest  itself  only  temporarily.  The  disease  breaks  out  at  the  age  of 
puberty,  because  at  this  time  special  demands  are  made  upon  blood- 
production. 

Beneke  ^^ :  The  development  of  the  female  sexual  organs  produces 
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certain  reflex  disturbances  of  the  organs  of  digestion.  These  disturb- 
ances are  the  cause  of  insufficient  absorption,  of  insufficient  digestion, 
and  of  the  loss  of  too  much  iron.  It  thus  happens  that,  in  spite  of 
the  nourishment  being  sufficient  for  ordinary  needs,  a  lack  of  iron 
gradually  develops,  and  this,  combined  with  increased  destruction  of 
the  red  blood-corpuscles,  leads  to  a  decrease  of  the  amount  of  hemo- 
globin in  the  blood  ;  in  short,  to  chlorosis. 

Zander  '* :  Chlorosis  arises  if  the  absorption  of  iron  suffers.  The 
digestive  disturbances,  especially  the  lack  of  hydrochloric  acid,  are  due 
to  the  faulty  absorption. 

Bunge '  :  During  pregnancy  the  maternal  organism  furnishes  the 
fetus  with  a  considerable  amount  of  iron.  It  is  not  likely  that  the 
entire  amount  of  this  iron  is  absorbed  and  digested  during  the  preg- 
nancy of  the  mother.  Bunge  assumes  that  this  iron  has  been  previously 
stored  up  in  the  maternal  organism.  The  female  is  prepared  long  in 
advance  for  the  future  conception  and  pregnancy.  Bunge  believes  that 
this  provisional  storage  of  iron  in  the  organs  (liver,  spleen)  occurs  at 
the  time  of  puberty  ;  when  associated  with  other  deleterious  influences 
it  leads  to  a  lack  of  hemoglobin  in  the  blood.  In  support  of  this 
theory  it  might  be  mentioned  that,  according  to  L.  Jones,^^  the  blood 
of  even  the  healthiest  girls  shows  a  decreased  amount  of  hemoglobin  at 
the  time  of  puberty.  On  the  other  hand,  Lapique  ^^  states  (contrary  to 
the  analyses  of  the  organs  of  animals  by  Bunge  and  Winternitz ''')  that 
the  liver  and  spleen  of  the  mature  fetus  contain  less  iron  than  is  the 
case  in  individuals  who  have  completed  their  growth. 

Bouchard  and  Couturier  ^^ :  Chlorosis  is  frequently,  but  not  always, 
caused  by  a  preceding  dilation  of  the  stomach  which  causes  disturb- 
ances of  nutrition,  abnormal  fermentations,  and  the  production  and 
absorption  of  deleterious  substances. 

Clark,'^  Duclos,^"  and,  to  a  certain  extent,  Nothnagel,^^  believe 
that  the  main  cause  of  chlorosis  is  to  be  found  in  constipation,  which  is 
responsible  for  abnormal  putrefactive  changes  of  the  albumins.  These 
poisons  are  absorbed,  partly  retarding  blood-formation  and  partly  pro- 
moting blood-destruction. 

Forchheimer  ^  :  The  hemoglobin  is  formed  in  the  mucous  membrane 
of  the  intestinal  canal  ;  chlorosis  nmst  be  ]iro(luced  when  this  process 
is  disturbed.  Forchheimer  suspects  that  this  process  is  disturbed, 
because  he  found  a  poisonous  albuminous  substance,  apparently  an 
albumose,  in  the  urine  of  chlorotic  ])atients.  He  believes  that  this 
albuminous  substance  originates  in  the  intestinal  wall,  and  that  it  is 
formed  from  materials  which  are  necessary  to  the  formation  of  hemo- 
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globin.     For  some  cause  the  synthesis  of  hemoglobin  and  hematin  does 
not  take  place,  and  this  results  in  chlorosis. 

Meinert '  :  The  anatomic  cause  upon  which  chlorosis  depends  is  tlie 
gastroptosis  produced  by  the  corset.  Tiiis  results,  first  of  all,  in  an 
increased  irritability  of  the  distorted  plexuses  of  the  abdominal  sympa- 
thetic. If  certain  exciting  causes  supervene,  the  nervous  system,  pre- 
pared by  the  gastroptosis  and  its  sequelae,  causes  the  chlorosis  to  appear. 
It  is,  of  course,  believed  that  nervous  influences  are  responsible  for  the 
anemia.  Briefly  stated,  Meinert  says  that  chlorosis  is  a  neurosis,  and 
that  in  this  instance  the  basis  for  the  latter  is  furnished  by  gastroptosis. 
[E.  Grawitz  '  does  not  accept  the  view  of  Meinert  regarding  the  rela- 
tion of  gastroptosis  to  chlorosis.  The  frequency  of  gastroptosis  in 
young  girls  is,  of  course,  acknowledged,  and  the  conditions  in  chlorosis 
are  such  as  to  increase  this  tendency.  There  is,  however,  no  other  con- 
nection between  the  two  conditions. — Ed.]  L.  Jones  *^  and  Ileinert,^^ 
although  following  another  train  of  tliought,  likewise  come  to  the  con- 
clusion that  chlorosis  is  a  neurosis,  or  that  the  chlorotic  anemia  is  pro- 
duced by  nervous  influences. 

Murri^:  Anomalies  of  distribution  and  velocity  of  the  blood  hold 
a  prominent  position  among  the  conditions  leading  to  chlorosis.  Tliey 
are  caused  by  abnormal  irritations  of  the  vasomotors,  and  these  abnor- 
mal impulses  are  received  reflexly  from  the  genital  apjiaratus.  This 
pathologic  function  of  the  vasomotors  causes  the  blood,  especially  in 
the  periphery  of  the  body,  to  pass  into  the  veins  with  a  changed  velocity, 
and  consequently  with  a  changed  chemic  composition.  These  slight 
variations  in  the  velocity  of  the  blood  are  further  said  to  excite 
an  increased  destruction  of  the  red  elements,  since  it  is  known  how 
sensitive  these  corpuscles  are  to  an  abnormal  composition  of  the 
surrounding  fluid.  These  deleterious  influences  are  said  to  be  par- 
ticularly likely  to  occur  in  the  winter  months,  thus  explaining  the 
considerable  increase  in  the  number  of  cases  of  chlorosis  occurring 
at  this  time.  In  Germany  we  are  certainly  unable  to  confirm  the  latter 
observation. 

V.  Hosslin  ^  :  Chlorosis  arises  from  the  frequent  loss  of  small 
quantities  of  blood,  which  occurs  in  the  mucous  membrane  of  the  diges- 
tive tract,  and  which  usually  escapes  observation.  R.  Stockman  ^  and 
Dunin  "  likewise  lay  stress  upon  losses  of  blood,  but  more  particularly 
upon  those  occurring  during  menstruation. 

Clement^  classifies   chlorosis  with  the  infectious  diseases,  since  it  is 
not  infrequently  accompanied  by  enlargement  of  the  spleen. 
1  Deutsch.  Klin.,  No.  3,  1903. 
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Charrin  -^  regards  chlorosis  as  an  auto-intoxication  which  arises  from 
abnormal  processes  in  the  ovaries  (menstrual  auto-intoxication). 

[Referring  to  the  etiology  of  chlorosis,  Grawitz  ^  calls  attention  to 
the  fact  that  hypoplasia  of  the  heart  and  arteries  may  occur  in  men, 
but  chlorosis  is  exceedingly  rare.  This  point  was  recognized  and  em- 
phasized by  Virchow  himself.  There  are,  however,  undoubted  cases 
of  chlorosis  in  young  men.  Wunderlich  remarked  that  the  disease 
occurs  especially  in  young  men  of  indifferent  physique  and  who  engage 
in  occupations  of  a  more  or  less  sedentary  character,  such  as  tailors, 
clerks,  etc.  Grawitz  does  not  accept  the  theory  of  an  internal  secretion 
as  an  important  etiologic  factor  in  chlorosis.  He  refers  this  view  to 
the  same  category  as  to  that  which  formerly  ascribed  hysteria  to  a 
similar  cause.  Considering  the  peculiar  symptoms  of  the  disease  and 
the  character  of  the  blood,  he  suggests  that  the  nervous  system  plays 
an  important  role  in  the  etiology,  and  the  peculiarities  of  the  blood  are 
referred  especially  to  some  anomaly  in  the  formation  of  lymph  rather 
than  to  any  abnormal  hemogenesis.  There  seems  to  be  some  alteration 
in  the  capacity  of  the  blood-vessel  to  regulate  the  osmosis  of  liquid,  and 
thus  an  accumulation  of  liquid  takes  place  in  the  channels  without  a 
corresponding  exudation. 

In  conclusion  Grawitz  ^  states,  "  I  regard  chlorosis  as  a  neurosis  which 
affects  young  persons  at  the  age  of  puberty,  girls  and  women  as  a  rule, 
though  not  exclusively.  It  is  favored  by  certain  predispositions.  The 
anemic  condition  of  the  blood  is  one  of  the  accompanying  symptoms 
of  the  neurosis,  and  is  directly  referable  to  the  underlying  nervous 
affection." — Ed.] 

V.  Noorden  (supported  by  Immermann ')  :  I  believe  that  chlorosis 
is  founded  upon  a  functional  weakness  of  the  hematopoietic  organs, 
which  may  be  either  congenital  or  acquired.  I  am  not  of  the  opinion, 
however,  that  every  anemia  dependent  upon  defective  function  of  tliese 
organs,  should  be  designated  as  chlorosis,  but  wish  to  reserve  the  name 
chlorosis  for  disturbances  of  blood-formation  which  proceed  from  the 
sexual  organs,  and  particularly  for  those  which  become  manifest  during 
the  developmentiil  period.  It  is  evident  from  our  present  state  of 
knowledge  that  we  can  not  say  what  real  connection  exists  between 
chlorosis  and  the  sexual  organs.  With  the  proviso  that  my  ideas  are 
but  a  hypothesis,  I  will  state  what  I  believe  to  be  the  probable  chain 
of  events.  In  the  female  organism,  which  gives  off  considerable 
amounts  of  blood  through  the  sexual  organs  every  four  weeks,  there  is 
normally  a  mechanism  to  replace  rapidly  and  completely  the  amount 
»  Deutsch.  Klin.,  No.  3,  1903. 


356 


CHLOROSIS. 


of  blood  lost.  The  stimuli  which  cause  blood-formation  proceed  from 
the  sexual  organs  (ovaries  ?)  themselves,  not  through  the  reflex  paths, 
but  by  means  of  the  production  of  chemic  substances  which  gain  access 
to  the  blood  and  to  the  blood-building  sites,  and  have  the  property  of 
stimulating  the  hematopoietic  organs.  The  hematopoietic  organs  are 
not  dependent  upon  these  stimuli  coming  from  the  sexual  organs  alone, 
but  their  loss,  nevertheless,  endangers  the  normal  process  of  blood- 
formation,  particularly  in  young  individuals.  If  these  stimuli  are 
absent  or  weakened,  chlorosis  develops — i.  e.,  there  is  an  insufficiency 
of  blood-formation,  which  is  caused  by  specific  processes  in  the  genital 
apparatus.  If  the  hematopoietic  organs  are  congenitally  deficient,  or 
if  they  are  subsequently  weakened  by  unfavorable  influences,  the  dis- 
ease would  naturally  be  more  likely  to  develop. 

Nothing  whatever  can  be  said  of  the  reciprocal  chemic  relations  ex- 
isting between  the  sexual  apparatus  and  the  hematopoietic  organs ;  we 
can  only  assume  that  they  are  not  indissolubly  connected  with  the 
menstrual  process,  for  the  menses  of  chlorotic  patients  are  by  no  means 
characteristic. 

Even  a  few  years  ago  such  a  theory  as  has  just  been  stated  could  not 
have  been  suggested ;  now,  when  we  know  something  of  the  importance 
of  the  so-called  "  internal  secretions  "  and  suspect  the  great  role  which 
they  play  in  the  organism,  the  justification  of  a  hypothesis  which  makes 
chlorosis  dependent  upon  an  absence  or  weakening  of  an  "internal 
secretion  "  can  not  be  denied. 

[Levy,^  in  a  discussion  on  the  nature  of  chlorosis,  groups  the  theories 
under  two  heads  :  (1)  The  anatomico-clinical,  which  places  the  inception 
of  the  disease  in  the  blood,  the  digestive  canal,  or  the  nervous  system  ; 
and  (2)  that  which  regards  the  disease  as  an  auto-intoxication.  He 
regards  it  as  certain  that  some  forms  of  chlorosis  occur  in  the  period 
of  puberty  as  a  result  of  auto-intoxication,  and,  in  particular,  as  a  con- 
sequence of  deficiency  of  certain  secretions. — Ed.] 

1  Gaz.  Des.  Hop.,  No.  88,  1903. 
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It  has  been  mentioned  that  in  rare  cases  pathologic  conditions  de- 
velop in  children,  elderly  women,  or  males  which  strongly  resemble 
chlorosis  in  their  course  and  external  phenomena  ;  the  description  of 
the  symptomatology,  however,  can  only  be  based  upon  the  chlorosis  of 
young  girls  and  women,  which  so  often  appears  during  the  develop- 
mental period  and  in  the  first  decennium  after  maturity  is  attained. 

The  patient  first  complains  of  tiring  easily  upon  physical  exertion, 
of  an  unusual  shortness  of  breath  in  climbing  stairs,  and  of  a  tendency 
to  palpitation.  The  symptoms  appear  gradually  and  are  at  first  scarcely 
observed  ;  it  is  not  until  a  careful  examination  is  made  that  one  dis- 
covers they  have  existed  a  long  time.  The  mild  disturbances  tend  to 
be  most  noticeable  in  the  morning  hours,  while  in  the  afternoon  and 
evening  the  young  women  are  not  lacking  in  vivacity  or  capacity  for 
exertion.  After  the  prodromal  symptoms  have  existed  in  varying  de- 
grees for  some  days  or  weeks,  an  increasing  paleness  of  the  skin  and 
mucous  membranes  becomes  apparent.  This  first  becomes  noticeable  in 
the  conjunctival  and  oral  mucous  membranes,  the  color  not  disappearing 
from  the  cheeks  until  some  time  has  passed.  In  this  respect  there  are 
marked  individual  diiferences.  The  quality  of  the  blood  is  considerably 
impaired  in  most  cases  of  chlorosis  before  the  paleness  of  the  skin  be- 
comes noticeable  to  the  patient  and  her  friends ;  it  even  happens  that 
young  women  in  the  first  stages  of  the  disease  are  admired  for  their 
rosy  complexions.  This  is  explained  by  the  fact  that  the  vasomotors 
are  very  irritable  and  that  the  facial  capillaries  undergo  a  marked  dila- 
tion under  the  influence  of  fresh  air  or  psychic  excitement.  The  ap- 
pearance is,  however,  deceptive,  since  in  the  absence  of  such  irritation 
the  paleness  of  the  complexion  becomes  all  the  more  pronounced.  In 
this  early  stage  of  the  disease  it  is  consequently  of  particular  iniportanee 
to  pay  more  attention  to  the  color  of  the  mucous  membranes  than  to 
that  of  the  skin,  for  they  are  much  less  under  the  influence  of  psychic 
stimuli.  In  other  ])atients  the  paleness  of  the  mucous  membranes  and 
of  the  complexion  go  hand-in-hand  from  the  beginning.  AVe  can,  how- 
ever, easily  convince  ourselves  that  the  degree  of  jialeness  is  by  no 
means  dependent  upon  the  intensity  of  the  changes  in  the  blood  alone. 
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Although  a  certain  parallel  is  not  to  be  denied,  there  are  still  other  fac- 
tors, particularly  the  original  pigmentation  of  the  skin,  which  also  have 
a  determining  influence.  Skins  poor  in  pigment  (blondes)  as  well  as 
those  rich  in  pigment  (marked  brunettes)  favor  the  early  appearance  of 
the  paleness,  in  spite  of  a  pro[X)rtionately  small  amount  of  blood  de- 
generation, while  a  moderate  amount  of  pigment  seems  to  obscure  the 
pallor  lor  a  considerable  leugth  of  time. 

By  the  time  the  previously  described  symptoms  (lassitude,  dyspnea, 
palpitation,  temporary  or  permanent  pallor)  have  fairly  developed,  most 
chlorotic  cases  become  subject  to  menstrual  disturbances,  and  these  are 
more  likely  to  occur  if  the  individual  is  young  and  if  the  menses  iiave 
been  only  recently  established.  An  opportunity  will  be  subsequently 
offered  to  study  more  accurately  these  disturbances  of  menstruation  in 
chlorosis.  For  the  present  it  suffices  to  say  that  the  nature  of  these 
disturbances  is  subject  to  considerable  variation.  A  very  small  per- 
centage of  cases  have  no  anomalies  of  menstruation  whatever  throughout 
the  entire  course  of  the  disease ;  in  somewhat  more  than  half  of  the 
cases  the  menses  are  completely  absent,  delayed,  or  of  but  a  few  days' 
or  hours'  duration,  and  the  fluid  may  be  clear  and  scarcely  tinged  with 
blood.  Less  frequently  the  amount  of  blood  is  too  great  and  the 
periods  are  too  frequent.  Pain  is  not  unusual  before  the  flow  is  estab- 
lished and  during  the  first  day.  The  exactness  with  which  the  regular 
occurrence  and  duration  of  the  jieriods  is  observed  causes  any  men- 
strual variations  to  be  noted,  and  this  well-known  symptom  of  the 
disease  frequently  arouses  the  suspicion  of  the  j)atient  or  her  relatives 
and  directs  attention  to  the  previously  neglected  concomitant  phenomena. 

If  the  disease  does  not  disappear  spontaneously,  as  is  frequently  the 
case  in  the  initial  stage,  or  does  not  recover  under  appropriate  therapeutic 
measures,  the  early  symptoms  increase  in  severity  and  new  ones  make 
their  appearance.  The  capacity  for  muscular  exertion  becomes  less ; 
after  short  walks  and  particularly  after  climbing  there  is  a  marked  sense 
of  weariness  in  the  limbs  ;  physical  exertion,  walking,  and  housework 
consequently  become  distasteful.  There  is  great  lassitude  and  desire 
for  rest  after  exertion.  If  the  amount  of  muscular  effort  is  consider- 
able, air-hunger,  a  sensation  of  oppression  about  the  chest  and  paljiita- 
tion,  do  not  fail  to  make  their  appearance.  Most  cases  are  affected  in 
this  manner ;  we  might  indeed  say  that  no  patient  with  pronounced 
chlorosis  remains  entirely  free  from  these  symptoms.  If  the  actions  of 
many  chlorotic  individuals  are  closely  observed,  however,  it  will  be  found 
that  there  arc  great  variations  both  in  the  capacity  for  muscular  exer- 
tion and  also  in  the  intensity  of  the  subjective  disturbances  (fatigue, 
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disinclination,  relaxation).  This  is  true  not  only  of  different  patients, 
but  also  of  one  and  the  same  person  at  different  times.  These  differ- 
ences are  entirely  independent  of  the  severity  of  the  blood-changes  and 
of  the  general  physical  development.  In  spite  of  a  marked  decrease  in 
the  amount  of  hemoglobin  in  the  blood  and  of  a  rather  delicate 
physique,  girls  and  young  women  are  frequently  seen  who  suffer  pro- 
portionately little  with  the  disease,  retain  their  energy,  and  accomplish 
an  amount  of  work  of  which  a  healthy  girl  could  be  proud.  Others, 
sometimes  of  robust  physique,  suffer  early  and  to  a  marked  degree ; 
they  can  not  be  moved  to  make  any  ordinary  exertion,  and  exhibit  a 
high  degree  of  relaxation  and  lack  of  energy.  It  frequently  happens, 
as  previously  noted,  that  this  relaxation  of  mind  and  body  is  most 
marked  in  the  morning  hours  and  disappears  more  or  less  in  the  after- 
noon and  evening.  This  can  go  so  far  that  young  women  who  scarcely 
feel  able  to  perform  the  lightest  housework  in  the  morning  dance  with- 
out difficulty  for  hours  in  the  evening,  and  are  admired  for  their  spark- 
ling vivacity.  Between  the  cases  with  a  retained  capacity  for  exertion 
and  those  in  which  this  capacity  is  impaired  there  are,  of  course,  the 
most  manifold  gradations.  In  the  severest  cases  all  chlorotic  girls  and 
women  are  affected  in  practically  the  same  manner  in  relation  to  their 
capacity  for  muscular  exertion. 

There  are  some  symptoms  which  are  usually  associated  and  more 
common  to  the  severer  forms  of  the  disease.  Tliey  are  headache,  flick- 
ering before  the  eyes,  blackness  of  vision  which  may  last  for  seconds, 
minutes,  and  sometimes  hours  ;  flashes  of  color  which  occur  when  the 
lids  are  closed,  ringing  in  the  ears,  a  temporary  indistinctness  of  hear- 
ing, dizziness,  a  feeling  of  emptiness  in  the  head  with  the  sensation  of 
approaching  insensibility,  and  actual  attacks  of  unconsciousness.  These 
phenomena  almost  never  occur  when  the  patient  is  in  the  recumbent 
position  and  only  very  rarely  during  walking,  provided  that  this  is  not 
overdone.  They  much  more  frequently  develop  during  long  standing, 
which  is  badly  borne  by  all  chlorotics.  It  is  by  no  means  rare  for 
chlorotic  individuals  to  fall  unconscious  while  standing:  behind  the 
counter,  about  the  stove,  or  in  the  streets  during  public  celebrations. 
Carriage  rides  under  a  hot  sun  and  long  railway  journeys  have  a 
similar  effect.  These  fainting  attacks  naturally  cause  considerable 
alarm  and  bring  the  patient  to  the  physician  after  the  minor  disturb- 
ances have  been  neglected  for  a  long  time. 

The  digestive  apparatus  is  very  frequently  affected.  The  appetite 
is  somewhat  whimsical.  Many  chlorotics  have  no  appetite  whatever 
and  lose  flesh  from  want  of  nourishment.     This  most  frequently  occurs 
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where  little  attention  is  directed  to  the  diet  of  the  individual — in  ser- 
vants, for  example,  where  the  choice  of  food  is  limited.  It  is  rather  a 
case  of  aversion  to  the  customary  monotonous  diet  than  of  an  actual 
loss  of  appetite.  All  sorts  of  annoying  sensations  are  also  complained 
of,  which  appear  during  the  digestive  period  and  cause  the  patient  to 
fear  eating  a  liberal  meal.  Among  these  are  an  indefinite  sensation  of 
pain  and  pressure  in  the  gastric  region,  pains  in  the  ribs,  flatulence  after 
eating,  belching,  and  heartburn.  Other  patients  complain  more  of  slight 
dyspnea,  palpiti\tion,  and  of  dizziness,  which  increases  after  eating.  All 
these  symptoms,  however,  do  not  belong  to  the  regular  concomitants  of 
chlorosis.  There  are  many  patients  in  whom  they  are  completely 
absent  and  who  retain  their  appetite  even  in  the  more  advanced  stages 
of  the  disease.  This  corresponds  with  the  clinical  fact  that  chlorotic 
individuals,  as  a  rule,  do  not  lose  flesh.  This  is  often  not  the  case, 
and  the  reason  will  be  explained  later.  It  nevertheless  happens  that 
peculiarities  of  appetite  are  rarely  absent,  even  if  the  total  amount  of 
food  ingested  is  sufficient.  Very  often  there  is  a  dislike  for  certain 
foods ;  this  dislike  is  most  frequently  directed  against  meat,  sometimes 
against  all  kinds  of  meat,  sometimes  against  certain  varieties,  or  certain 
methods  of  preparation.  In  other  instances,  certain  appetites  develop 
which  must  be  designated  as  actual  perversities  of  taste ;  for  example, 
the  desire  for  strong  acids,  the  girls  drinking  vinegar  or  lemon-juice. 
In  others,  the  opposite  inclination  becomes  manifest,  chalk,  lime,  and 
sodium  bicarbonate  being  preferred.  It  still  more  frequently  happens 
that  the  regular  mealtime  fails  to  excite  the  appetite,  while  in  the 
intervals  the  desire  for  food  is  so  strong  that  the  ])atient  becomes 
actually  ravenous.  In  this  respect,  chlorosis  resembles  the  early  stages 
of  pregnancy.  The  movements  of  the  bowels  are  no  more  uniform  or 
characteristic  than  are  the  caprices  of  the  appetite.  Sluggishness  of  the 
bowels  is  indeed  frequently  complained  of,  but  we  must  not  forget  that 
this  ailment  is  very  frequent  in  young  girls  and  women  in  general.  If 
the  constipation  is  not  marked,  or  if  other  symptoms  are  absent,  the 
physician  hears  nothing  of  it,  and  a  standard  is  wanting  by  which  to 
compare  the  frequency  of  constipation  in  chlorosis  with  its  occurrence 
in  healthy  girls.  We  have  studied  this  question  for  a  long  time  in  refer- 
ence to  the  theories  which  claim  that  there  is  a  causal  relation  between 
constipation  and  chlorosis,  and  can  not  agree  with  the  statement  that 
chlorotic  individuals  tend  to  present  a  much  greater  degree  of  consti- 
pation than  their  companions  of  the  same  age.  When  constipation 
does  occur,  it  is  due  to  a  sluggishness  of  the  ileum,  as  is  the  case  in 
most  other  youthful  individuals  who  complain  of  the  same  difficulty ;  it 
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is  only  after  the  lapse  of  considerable  time  and  after  great  neglect  that 
the  large  intestine  itself  also  takes  part  in  the  slowing  of  the  fecal 
movement. 

Chlorosis  has  no  immediate  effect  upon  the  mental  power  nor  upon 
the  psychic  condition.  This  is  evidenced  by  numerous  cases  in  which 
the  judgment  and  perceptive  faculties  remain  intact  throughout  in  spite 
of  extreme  anomalies  of  the  l)lood,  and  where  the  sense  of  illness  holds 
a  direct  and  correct  relation  to  the  severity  of  the  disease.  On  the 
other  hand,  chlorosis  is,  without  doubt,  particularly  prone  to  awaken 
slumbering  neuropathic  and  psychopathic  tendencies.  Since  these  ten- 
dencies, partly  congenital  and  partly  acquired,  are  quite  frequently  the 
dowry  of  growing  girls  and  young  women,  it  is  no  w^onder  that  we  so 
often  encounter  diseased  manifestations  of  nervous  energy,  amounting 
at  times  to  severe  neuroses  and  psychoses.  As  a  rule,  these  symptoms 
are  very  mild,  insignificant,  and  only  observed  by  the  immediate  friends 
of  the  patient.  The  patient  is  whimsical,  easily  influenced  by  trivial 
circumstances,  and  obstinate.  This  obstinacy  is  particularly  common  ; 
the  energy  with  which  the  personal  wishes  and  inclinations  are  followed 
is  frequently  in  marked  contrast  to  the  lack  of  energy  shown  in  the 
performance  of  small  daily  duties  and  the  carrying  out  of  medical 
suggestions.  This  lack  of  energy,  partly  of  pure  psychic  origin  and 
partly  the  immediate  result  of  physical  weakness  and  incapacity  for 
exertion,  gives  rise  to  discontent  and  morbid  doubts.  The  less  the 
chlorotic  individual  exerts  herself  the  greater  is  the  sentimental  dis- 
turbance, and  this  may  be  manifested  in  various  directions  which  are 
dependent  upon  the  character  and  surroundings  of  the  individual. 
These  patients  indulge  in  fits  of  religious  enthusiam,  in  innocent  love- 
dreams  and  the  like,  as  the  case  may  be.  It  was  formerly  incorrectly 
supposed  that  these  fits  of  fanaticism,  flightiness,  and  love-sick  longings 
were  natural  attributes  of  chlorosis  and  intimately  connected  with  the 
disease.  In  reality  they  are  but  feebly  related  to  the  affection.  Chlo- 
rosis usually  attacks  young  girls  at  a  time  when  many  are  unemployed 
or  half-employed,  suspecting  little  and  knowing  nothing  of  the  earnest- 
ness of  life,  when  their  knowledge  is  only  superficial  and  when  their 
unawakcned  or  half-awakened  senses  so  readily  furnish  them  with  a 
world  of  dreams,  thoughts,  and  sensations.  The  greater  the  imagina- 
tion and  the  more  commonplace  the  external  form  of  the  social  and 
home  life,  the  more  pronounced  are  these  psychic  effects.  The  chlorosis 
lessens  the  capacity  for  work  and  the  consciousness  of  strength,  thus 
producing  a  half-sick  condition,  necessitating  indulgence,  and  favoring 
the  psychic  development  in  the  direction  indicated.     Unless  the  indi- 
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vidual  has  such  an  inherited  predisposition  or  external  conditions  favor 
such  disturbances,  these  psychic  symptoms  are  not  to  be  expected.  It 
consequently  happens  that  we  meet  these  sensitive,  fanatic,  love-sick 
chlorotics  almost  without  exception  in  the  classes  that  have  found  no 
sufficient  employment  to  occupy  the  time  of  their  growing;  daughters. 
Where  great  duties  present  themselves  and  where  there  is  work  to  do ; 
for  example,  among  servants,  peasants,  factory  girls,  nurses,  teachers,  and 
young  wives  with  heavy  household  cares,  the  chlorosis  produces  entirely 
different  types.  We  find  young  women  with  that  quiet  tenacity  and  great 
self-sacrifice,  which  are  peculiar  to  their  sex,  struggling  against  fatigue 
and  weakness  and  in  spite  of  their  sufferings  fulfilling  their  duty  to  the 
utmost  until  they  collapse.  There  are  also  spoiled  and  overindulged 
chlorotic  individuals  who  dream  their  way  through  life  as  long  as  noth- 
ing is  required  of  them,  and  yet  who  frequently  show  how  little  chloro- 
sis has  to  do  with  their  state  of  mind  when  some  great  duty,  such  as 
the  nursing  of  a  patient  or  the  care  of  children,  suddenly  presents  itself. 

In  addition  to  fatigue,  palpitation,  and  dyspnea  upon  exertion,  the 
patients  frequently  complain  of  headaches.  These  headaches  vary 
greatly  and  present  little  that  is  characteristic.  There  may  be  success- 
ive attacks  of  true  migraine  which  afflict  the  patients  for  hours  and  days 
and  then  cease  for  a  time.  In  other  cases  the  pain  is  darting,  localized 
to  the  temples,  behind  the  eyes,  or  in  the  occipital  region,  coming  and 
going  at  intervals  throughout  the  day,  appearing  upon  exertion — par- 
ticularly when  this  is  in  the  form  of  standing — and  disappearing  with 
rest,  after  a  light  luncheon  or  a  few  swallows  of  wine.  Other  patients 
complain  of  a  dull,  persistent  pain,  which  is  not  sharply  localized  and 
which  torments  them  throughout  their  waking  hours.  This  last  form, 
fortunately  rare,  is  particularly  disagreeable  because  it  is  very  resistant 
to  treatment  and  usually  does  not  disappear  until  the  chlorosis  has  been 
completely  cured.  The  headaches  tend  to  grow  worse  at  the  time  of 
menstruation  or  at  the  time  when  the  menses  should  appear  but  fail  to 
do  so.  Few  chlorotic  individuals  completely  escape  them,  but  the  role 
which  they  play  in  the  symptomatology  of  the  disease  is  subject  to  the 
greatest  variations. 

Correspondingly  frequent  are  the  complaints  of  cold  hands  and  feet 
and  of  a  general  sensation  of  chilliness  throughout  the  body.  These 
phenomena  are  naturally  dependent  upon  the  sluggishness  of  the  pe- 
ripheral circulation.  In  chlorosis  the  vasomotor  mechanism  is  very 
easily  excited.  The  contraction  of  the  small  peripheral  arteries  follows 
the  irritation  of  cold  more  suddenly  and  permanently  than  in  health, 
but  the  narrowing  of  the  blood-vessels  may  also  occur  to  a  marked 
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degree  from  internal  stimuli  alone.  An  example  is  furnished  by  the 
"doigt  mort,"  which  is  by  no  means  uncommon  in  chlorosis.  Upon 
the  other  hand,  the  excitability  of  the  vasomotors  also  gives  rise  to 
symptoms  of  vascular  dilatit>n.  This  is  manifested  by  an  increasing 
sensation  of  heat,  warmth  about  the  head  and  burning  cheeks  which 
present  a  marked  contrast  to  the  general  paleness  of  the  skin.  The 
conditions  of  vascular  dilation  are,  however,  much  more  fugacious 
and,  on  the  whole,  rarer  than  the  symptoms  of  vascular  constriction. 
The  most  frequent  complaint  is  of  cold  feet.  This  phenomenon  is 
sometimes  almost  permanent,  or  it  occurs  whenever  the  patients  sit  or 
stand  in  a  cool  room  without  sufficiently  warm  clothing  about  their 
lower  extremities.  In  most  cases  this  chilling  of  the  feet  occurs  only 
at  bedtime.  As  soon  as  the  stockings  are  pulled  off  iu  a  room  that  has 
not  been  heated,  the  sensation  of  cold  begins  in  the  feet  and  legs  and 
may  become  so  intense  that  it  is  absolutely  painful ;  the  skin  is  very 
pale  and  as  cold  as  ice  to  the  touch.  In  spite  of  friction  and  warm 
bedclothes  this  coldness  persists  for  a  long  time  and  then  gradually 
disappears. 

While  these  varied  subjective  disturbances  are  developing,  the 
objective  examination  of  the  patient  will  also  reveal  manifold  changes. 
At  this  place  these  will  be  but  briefly  considered,  since  their  detailed 
description  will  be  foimd  in  the  section  upon  special  symptomatology. 
The  most  striking  sign  and  the  one  which  directs  attention  to  the  diag- 
nosis is  usually  the  paleness  of  the  skin.  This  frequently  shades  off 
ijito  a  greenish  tinge,  which  gives  the  disease  its  name  in  English  and 
most  other  languages.  This  paleness  is  to  be  observed  in  the  conjunc- 
tiva and  in  the  visible  mucous  membranes  of  the  mouth,  nose,  pharynx, 
and  genitalia.  The  blood  obtained  from  puncturing  the  skin  is  clear, 
more  or  less  transparent,  and  flows  more  readily  and  profusely  than  is 
the  case  in  other  anemias.  By  microscopic  examination  the  red  blood- 
corpuscles  seem  strikingly  clear  and  unevenly  colored  ("  chlorosis  of 
the  red  blood-corpuscles  "). 

The  pulse  rate  is  increased,  but  if  it  is  studied  for  some  time  and 
the  patient  gets  over  the  first  excitement  which  follows  every  medical 
examination,  the  heart  beats  more  slowly  and  practically  approaches 
the  normal  rate.  The  area  of  cardiac  dulness  is  usually  enlarged,  more 
toward  the  right  than  toward  the  left.  Blowing  systolic  murnmrs  are 
heard  over  one  or  more  of  the  valves ;  venous  murmurs  are  likewise 
present  in  the  great  vessels  of  the  neck  and,  in  more  severe  cases,  also 
in  the  femoral  veins. 

The  examination  of  the  lungs  reveals  a  somewhat  more  rapid  and 
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superficial  breathing  than  normal.  The  lower  borders  of  the  lung  are 
frequently  somewhat  high  up  in  spite  of  a  well-maintained  capacity  for 
expansion.     The  vesicular  breathing  is  sharp  and  clear. 

Scarcely  any  pathologic  condition  can  be  ordinarily  found  in  the 
abdomen ;  sometimes  certain  areas  are  sensitive  to  pressure  and  the 
stomach  or  intestines  may  be  more  or  less  distended  with  air.  Certain 
authors  emphasize  the  frequent  occurrence  of  a  low  position  of  the 
stomach  or  even  of  gastric  dilation.  The  area  of  splenic  dulness  is 
often  enlarged ;  the  spleen  is,  however,  much  more  rarely  accessible  to 
palpation. 

The  demonstrable  objective  changes  in  the  sexual  organs  are  the 
previously  mentioned  anomalies  of  menstruation,  leukorrhea,  sensitive- 
ness in  the  ovarian  regions  (Ovarie),  and  not  infrequently  some  variety 
of  retarded  development.  It  might  also  be  mentioned  that  the  external 
genitals  of  many  very  youthful  cases  of  chlorosis  are  better  developed 
than  their  age  would  indicate.  Other  diseases  of  the  sexual  organs 
occur  in  chlorotic  as  well  as  in  healthy  girls,  but  they  are  accidental 
coincidences  and  have  no  connection  with  the  chlorosis. 

The  urinary  excretion  is  abundant.  The  urine  is  pale  and  has  a  low 
specific  gravity.  It  is  only  in  the  severest  cases  that  the  urine  is  scanty 
and  concentrated.  Even  in  the  severest  and  most  chronic  cases  of  un- 
complicated chlorosis,  the  urine  rarely  contains  more  than  the  normal 
traces  of  albumin,  which  we  are  practically  unable  to  demonstrate  at 
the  bedside  with  the  ordinary  reagents.  Sugar  is  never  present.  The 
other  urinary  constituents  will  be  fully  considered  at  an  appropriate 
place. 

The  feces,  as  a  rule,  are  of  the  ordinary  color  and  consistence ;  in 
severe  cases  the  movements  may  contain  so  little  coloring-matter  that 
they  are  grayish  yellow  and  resemble  the  clay -colored  stools  of  jaundiced 
individuals. 

The  general  nutrition  is  usually  good,  as  has  previously  been  men- 
tioned, but  it  is  not  correct  to  consider  this  as  characteristic  of  chlorosis, 
since  there  are  entirely  too  many  exceptions.  To  make  a  statement 
corresponding  more  accurately  to  the  facts  of  the  case,  mc  would  say 
that  the  general  nutrition  of  the  chlorotic  individual  remains  satisfactory 
if  the  diet  is  good,  varied,  and  appetizing,  and  that  a  decrease  in  the 
body -weight  is  more  a  result  of  neglect  than  of  the  actual  disease. 

Of  the  long  list  of  symptoms  peculiar  to  chlorosis,  a  certain  number 
are  always  absent  in  the  individual  case.  No  two  cases  are  absolutely 
alike.  In  this  individual  the  nervous  symptoms,  such  as  loss  of  energy, 
capriciousness,  headache,  dizziness  and  a  tendency  to  fainting  are  more 
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marked ;  in  that  one,  dyspnea,  fatigue  upon  slight  exertion,  and  {)alpi- 
tation  are  observed  ;  in  other  instances  the  gastric  and  intestinal  dis- 
turbances, the  vasomotor  stimulations  and  paralyses,  and  the  menstrual 
anomalies  are  the  chief  features  of  the  disease.  The  manner  in  which 
the  aifection  manifests  itself  is  dependent  upon  the  character  and  dispo- 
sition of  the  patient,  upon  external  conditions,  and  whether  this  or  that 
organ  has  lost  its  power  of  resistance  from  heredity  or  previous  diseiise. 
We  have  always  found  an  intense  pleasure  in  studying  the  previous  his- 
tory of  every  case  as  minutely  as  possible,  thereby  trying  to  find  an 
explanation  for  these  individual  peculiarities. 

The  general  course  of  the  disease  is  as  variable  as  are  the  individual 
symptoms.  The  chlorosis  may  begin  suddenly,  like  an  acute  disease, 
and  even  attain  its  acme  within  a  few  days.  This  seldom  occurs,  how- 
ever, but  is  most  frequent  in  young  girls  who  have  been  attacked  by 
the  disease  soon  after  the  first  menstruation.  These  are  always  severe 
cases,  which  })rogress  with  marked  nervous  symptoms  (headache,  dizzi- 
ness, disturbances  of  vision)  and  with  great  weakness,  so  that  a  sus- 
picion of  a  severe  cerebral  disease  is  aroused.  The  prognosis  is  never- 
theless relatively  favorable,  since  the  disturbances  also  tend  to  a  rapid 
disappearance.  The  cases  of  subacute  (in  two  or  three  weeks)  or  chronic 
development  are  more  numerous.  When  these  cases  are  left  to  them- 
selves they  drag  along  and  do  not  recover  for  many  weeks  or  months. 
It  is,  however,  only  the  mildest  attacks,  which  cause  scarcely  any  dis- 
turbances worth  mentioning,  that  receive  no  treatment  whatever.  As 
soon  as  more  marked  symptoms  present  themselves  almost  every  chlorotic 
girl  is  given  some  preparation  of  iron,  either  with  or  without  medical 
advice.  If  this  treatment  is  systematically  carried  out,  and  if  other 
scarcely  less  important  measures  are  not  neglected,  considerable  improve- 
ment or  even  a  cure  is  obtained  in  some  weeks,  but  a  longer  time  must 
be  counted  upon  for  the  average  duration  of  the  disease.  This  is 
because  the  necessary  energy  is  rarely  employed  in  the  treatment  and 
because  the  tendency  of  the  chlorosis  to  recur  becomes  manifest.  The 
individual  case  is  indeed  so  much  benefited  in  from  three  to  six  weeks 
that  marked  symptoms  are  no  longer  jiresent,  yet,  before  the  composi- 
tion of  the  blood  has  completely  returned  to  the  normal,  and  before  the 
paleness  of  the  patient  has  disappeared,  fresh  exacerbations  of  the  dis- 
ease are  observed.  It  consequently  happens  that  while  many  patieuts 
are  permanently  cured  in  a  few  weeks  or  have  no  recurrence  for  a  year 
or  so,  the  disease  persists  in  varying  degrees  of  intensity  in  an  equally 
large  number  of  cases  for  months  and  even  for  years.  Chronic  chlorosis, 
although  not  dangerous  to  life,  is  nevertheless  a  lurking  disease  which 
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rarely  fails  to  cast  its  shadow  upon  the  later  life  of  the  individual. 
For  the  development  of  individual  organs,  for  the  production  of  a  body 
and  mind  capable  of  resistance,  and  for  the  storing  of  energy  for  the 
battle  of  life,  it  is  of  the  greatest  importance  that  the  individual  should 
enjoy  perfect  health  and  a  sensation  of  physical  and  mental  strength 
just  at  the  age  when  chlorosis  so  frequently  makes  its  appearance. 
Those  who  are  weakly  for  a  long  time  during  these  years,  only  too  easily 
remain  physical  and  mental  cripples  throughout  their  entire  existence. 


SPECIAL  SYMPTOMATOLOGY. 


THE  BLOOD. 


When  Immermann  wrote  the  chapter  upon  the  blood-changes  found 
in  chlorosis  for  von  Ziemssen's  great  Handbuch  der  spedellen  Path- 
ologie  and  Therapie,  in  1879,  he  could  dismiss  the  subject  with  a  few 
words,  and  was  in  reality  forced  to  confine  himself  to  the  published 
reports  of  the  amount  of  hemoglobin  and  of  the  number  of  red  blood- 
corpuscles  in  chlorotic  blood.  Since  that  time  an  enormous  amount  of 
energy  has  been  directed  to  the  examination  of  the  blood  in  general 
and  of  chlorotic  blood  in  particular.  The  advances  of  knowledge, 
unfortunately,  do  not  always  correspond  to  the  labor  employed,  and  we 
must  admit  that  the  examinations  of  the  blood  have  not  yet  thrown 
enough  light  upon  the  most  important  and  decisive  questions  in  relation 
to  the  pathogenesis  of  chlorosis.  Those  who  work  with  these  questions 
and  wish  to  lay  claim  to  thoroughness  must  examine  the  blood  in  every 
possible  respect  by  the  most  varied  methods  and  in  a  manner  not  yet 
dreamed  of.  The  different  methods  do  not  always  ffive  a  unanimous 
result  and  it  is  not  always  possible  to  consider  the  different  findings 
from  a  common  standpoint. 

A  description  of  the  methods  employed  for  the  examination  of  the 
blood  in  chlorosis  may  be  omitted  in  this  article.  These  may  be  found 
in  special  works.  The  recent  and  beautiful  books  of  E.  Grawitz  ^  and 
of  R.  V.  Limbeck  ^^  are  worthy  of  particular  mention.  They  both  con- 
tain complete  descriptions  of  the  refined  methods  in  modern  use. 

THE  RED  BLOOD-COFIPUSCLES  AND  THE  HEMOGLOBIN. 

The  first  trustworthy  accounts  of  the  quality  of  the  red  blood-cells 
in  chlorosis  were  furnished  by  J.  Duncan.  In  2  (female)  patients*  he 
found  a  normal  number  of  red  blood-corpuscles  in  blood  poor  in  color- 
ing-matter. From  this  the  followers  of  Duncan,  rather  than  he  himself, 
drew  the  conclusion  that  the  characteristic  blood-change  in  chlorosis 
consists  of  a  diminished  amount  of  hemoglobin   in  the  individual   red 

'  The  third  case  certainly  was  not  chlorosis.  The  patient  was  a  younp  man  with 
enlargement  of  the  spleen. 

367 
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blood-eorpuscles,  while  the  number  of  these  bodies  is  not  decreased. 
This  small  observation  of  Duncan  caused  a  great  number  of  blood- 
examinations  to  be  made.  In  looking  over  the  text-books  of  to-day, 
the  general  impression,  without  doubt,  is  that  Duncan's  theory  is  right — 
at  least  in  the  sense  that  in  chlorosis  the  diminution  of  the  amount  of 
hemoglobin  is  more  pronounced  than  the  decreased  number  of  blood, 
discs.  Since  the  author's  first  studies  on  the  composition  of  the  blood 
(1<S79),  he  has  directed  earnest  attention  to  this  question  at  the  bedside. 
Although  unable  to  furnish  statistic  proof  from  the  large  number  of  indi- 
vidual examinations,  made  for  the  most  part  in  the  clinics  of  Riegel 
and  Gerhardt,  the  general  result  may  be  stated  as  follows  : 

a.  In  chlorosis  the  number  of  the  red  blood-corpuscles  and  the  per- 
centage of  hemoglobin  are  simultaneously  decreased. 

[In  Thayer's  series  of  63  cases  (Osier,  American  Text-book  of 
Medicine,  vol.  ii.,  p.  199)  the  average  number  of  red  corpuscles  was 
4,096,544  ;  in  Cabot's  series  of  192  cases  {^Clinical  Examinations  of 
the  Blood)  the  average  was  4,052,000  ;  and  in  Da  Costa's  series  (^Clinical 
Hematology)' the  average  in  106  cases  was  3,876,000.  These  figures 
represent  the  editor's  experience  and  correspond  to  the  results  of  all 
recent  writers. — Ed.] 

6.  As  a  rule,  the  hemoglobin  percentage  is  much  more  markedly 
decreased  than  would  correspond  to  the  diminution  in  the  number  of 
red  blood-corpuscles.  As  a  result  there  is  a  decreased  amount  of  hemo- 
globin in  the  individual  corpuscle. 

[The  average  percentage  of  hemoglobin  was  42.3  per  cent,  in 
Thayer's  series;  40.4  per  cent,  in  Cabot's  cases;  and  41.3  per  cent, 
in  Da  Costa's. — Ed.] 

e.  This  relation  between  the  hemoglobin  and  the  number  of  red 
blood-corpuscles  just  described  (under  b)  is  maintained  in  all  grades  of 
chlorosis,  and  likewise  throughout  the  different  stages  of  the  disease. 
It  is  most  striking,  however,  in  the  first  attacks  of  a  severe  form  in 
very  young  girls,  much  less  noticeable  in  the  recurrences,  in  the  chronic 
forms,  and  in  the  chlorosis  of  older  persons.  It  is  also  more  pronounced 
in  patients  who  retain  a  good  condition  of  general  nutrition  than  in 
girls  who  are  badly  nourished  and  considerably  underweight. 

In  reviewing  the  literature  for  the  decision  of  this  question  we  are 
confronted  by  many  difficulties.  This  is  preeminently  due  to  the  fact 
that  authors  have  not  always  diagnosed  their  cases  with  the  same  degree 
of  precision.  Our  present  conception  of  chlorosis  is  of  a  purely  clinical 
character,  and  we  can  not  always  feel  confident  that  the  author  has 
excluded  cases  of  anemia  which  were  dependent  upon  germinating  pul- 
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monary  tuberculosis,  upon  gastric  and  intestinal  diseases,  and  upon 
conditions  of  malnutrition.  A  diagnosis  of  chlorosis  can  not  be  made 
simply  from  the  fact  that  there  is  a  relatively  marked  decrease  of  hemo- 
globin. Although  the  statement  that  in  chlorosis  the  hemoglobin  is 
more  markedly  diminished  than  the  number  of  red  blood-corpuscles 
may  be  true,  the  assumption  that  a  preponderance  of  the  hemoglobin 
decrease  over  the  decrease  in  number  of  red  blood-cells  makes  a  diag- 
nosis of  chlorosis,  is  undoubtedly  false.  Otto,^  for  example,  in  his 
admirable  experiments  upon  the  eifect  of  venesection  upon  the  compo- 
sition of  the  blood,  found  that  in  the  regeneration  of  this  fluid  the  cor- 
puscular elements  increased  much  more  rapidly  than  did  the  amount  of 
hemoglobin.  The  same  fact  is  shown  in  the  clinical  histories  reported 
by  Laache  ^^  and  other  writers.  In  certain  stages  between  a  venesection 
and  complete  regeneration,  the  blood  consequently  has  a  composition 
which,  according  to  Duncan,  is  characteristic  of  chlorosis. 

There  are  likewise  cases  of  markedly  emaciated  individuals  (for 
example,  in  carcinoma,  in  sepsis  of  long  duration,  and  in  syphilis)  in 
which  the  percentage  of  hemoglobin  is  much  more  diminished  than  the 
number  of  red  blood-corpuscles.  Following  Laache's  example,  in 
such  cases  we  speak  of  a  decrease  in  the  "  value  of  the  red  blood-cor- 
puscle." 

A  brief  review  of  the  literature,  with  reference  to  the  larger  and 
more  profound  studies  alone,  may  give  a  })roper  conception  of  the  con- 
ditions found  in  chlorosis. 

Leichtenstern  ^^  determined  the  "  coefficient  of  extinction  "  of  the 
blood  by  means  of  Vierordt's  spectral  apparatus.  While  the  blood  of 
healthy  women  had  an  average  coefficient  of  extinction  (E)  =  1.237, 
in  chlorotic  girls  he  found  the  following  values  for  E  :  0.757,  1.014, 
1.111,  1.017,  1.060,  1.105,  0.880,  1.031,  0.957,  1.060,  0.960.  The 
greatest  difference  between  the  normal  and  pathologic  values  amounted 
to  40  per  cent.  (Case  1).  Blood-counts  are  wanting;  but  Leichtenstcrn's 
monograph  contains  a  comprehensive  opinion  of  the  qualities  of  the 
red  blood-corpuscles  which  must  carry  great  weight,  from  the  rich  ex- 
perience of  the  author.  He  considers  it  a  settled  fact  that  in  many 
cases  of  chlorosis  the  oligochromemia  has  its  only  basis  in  the  decrease 
in  the  number  of  red  blood-corpuscles  (oligocythemia),  the  individual 
blood-discs  being  of  normal  size  and  containing  the  normal  amount  of 
hemoglobin.  In  other  cases  the  descrij)tions  of  Andral,  Hayem,  and 
Sorensen  are  to  the  point ;  they  claim  that  the  blood-corpuscles  of 
chlorotic  individuals  are  poorer  in  hemoglobin  and  also  partly  smaller 
than  normal. 

24 
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Hayem,'''  in  the  first  edition  of  his  book,  approached  rather  closely 
to  the  theory  of  Duncan.  In  one-third  of  his  22  cases  he  found  the 
number  of  red  blood-corpuscles  over  four  million,  while  the  coloring- 
matter  of  the  blood  was  decreased  to  one-half.  In  the  other  cases  the 
number  of  blood-corpuscles  was  also  considerably  decreased,  but  the 
diminution  in  the  amount  of  hemoglobin  was  still  much  more  apparent. 
The  highest  hemoglobin  value  found  by  Hayem  was  71  per  cent,  of  the 
normal  amount ;  the  average  value  was  52  per  cent. 

Laache^^  arrived  at  other  conclusions  in  his  valuable  and  exhaustive 
monograph.  He  described  milder  cases  of  chlorosis  in  which  the  clini- 
cal phenomena  of  the  disease  were  so  distinctly  marked  that  the  diag- 
nosis could  not  be  doubted,  yet  the  blood  showed  scarcely  any  deviations 
from  the  normal  worth  mentioning  (either  in  respect  to  the  number  of 
red  blood-corpuscles  or  to  the  amount  of  hemoglobin).  In  other  cases 
(13)  the  blood-corpuscles  and  the  hemoglobin  were  considerably  dimin- 
ished, sometimes  approximately  to  the  same  extent ;  as  a  rule,  how- 
ever, the  coloring-matter  usually  suffered  much  more.  He  found  as  a 
minimum  value  for  the  number  of  red  blood-corpuscles  2,440,000,  as 
an  average  value  3,185,000.  The  maximum  decrease  of  the  amount 
of  hemoglobin  contained  in  the  individual  corpuscle  ("  value  of  the  red 
blood-corpuscle  ")  w^as  to  50  per  cent.,  the  average  decrease  was  to  66 
per  cent.  Laache's  monogra])h  contains  no  proofs  for  the  assertion  of 
Duncan  and  Griiber  (see  below) :  that  in  chlorosis,  in  spite  of  a  normal 
or  almost  normal  number  of  red  blood-corpuscles,  the  amount  of  hemo- 
globin may  sink  one-half  or  even  more.  Laache's  observations  upon 
blood-regeneration  in  chlorosis  are  of  great  interest.  He  saw  the 
coloring-matter  increase  much  more  rapidly  than  the  number  of  red 
blood-corpuscles.  Laache's  measurements  of  the  size  of  the  blood- 
corpuscles  are  also  important.  Malassez  ^  had  stated  that  the  corpuscles 
in  chlorotic  blood  are  enlarged.  Laache  found  the  average  normal 
diameter  to  be  8. 5/i,  the  maximum  9 /i,  and  the  minimum  6.5 /i;  his 
average  values  in  chlorosis  did  not  deviate  from  these  figures.  No  en- 
largements are  recorded  ;  in  2  instances  the  red  blood-corpuscles  were 
smaller  than  normal  (4.4  /z  and  4.5  n).  The  lack  of  uniformity  in 
the  size  of  the  individual  elements  is,  however,  particularly  empha- 
sized. 

Of  all  recent  authors,  E.  GrJiber^^  comes  closest  to  the  old  theory 
of  Duncan.  The  results  of  Gniber  are  more  important  than  those 
of  Duncan,  since  they  are  more  numerous  and  obtained  by  far  more 
accurate  methods.  Graber  goes  so  far  as  to  state  that  a  normal  number 
of  red  blood-corpuscles  with  a  lessened  amount  of  hemoglobin  is  thor- 
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oughly  characteristic  of  chlorosis  and  an  important  diagnostic  proof  of 
the  presence  of  the  disease.     Among  28  cases  he  records  : 

7  cases  with  more  than  5  millions  of  blood-corpuscles, 
13     "         "  4_5       "         ''       "  u 

8  "        "  3.8-4       "         "       "  " 

In  contrast  to  12  to  13  per  cent,  (of  the  total  blood),  which  is  the 
normal  amount  of  hemoglobin  in  the  blood  (determined  by  Hiiffher's 
spectrophotometer,  the  best  method  up  to  the  present  time),  he  found  the 
hemoglobin  amount  in  his  28  chlorotics,  as  follows  : 

in  4  cases  higher  than  7  per  cent., 

"  4     "     between      6  and  7        " 

"  5     "  "  5     "    6        " 

II  (^       a  li  4      ((     ^         a 

a  (j       "  '<  3      "     4  *' 

A  decrease  of  at  most  a  fifth  in  the  red  blood-corpuscles  consequently 
corresponds  with  a  sinking  of  the  hemoglobin  of  three-fifths  or  even 
of  two-thirds.  In  reference  to  the  size  of  the  corpuscles,  Graber  records 
7.5 /z  as  the  average  (in  contrast  with  7.8/ias  the  normal  diameter). 
This  average  value  was  found  in  nearly  every  individual  case ;  in 
accord  with  the  results  of  Laache,  however,  the  difference  between  the 
maximum  and  minimum  diameters  was  greater  than  in  normal  blood. 
For  example,  the  same  blood  frequently  contained  corpuscles  with 
diameters  of  6  //  and  of  \0  [Jt.  Graber  emphatically  denies  that  any 
actual  diminution  of  the  red  blood-cells  is  a  part  of  pure  chlorosis. 
When,  in  addition  to  a  poverty  of  hemoglobin  ("  chlorosis  of  the  indi- 
vidual corpuscle  "),  there  is  added  a  decrease  in  the  number  of  corpus- 
cles, complications  are  always  present — that  is,  there  is  a  co5peration 
of  other  "  causes  productive  of  anemia,"  such  as  hematemeses,  menor- 
rhagias,  or  deficient  nutrition.  It  can  not  be  disputed  that  Graber 
selected  his  cases  of  chlorosis  with  particular  care  and  excluded  all  in 
which  the  diagnosis  was  in  any  way  dubious.  A  sufficient  explanation 
for  the  striking  results  of  his  examinations  is  nevertheless  wanting ; 
other  authors,  such  as  Laache,  for  example,  arrived  at  directly  opposite 
results  and  were  no  less  careful  in  their  selection  of  cases. 

Oppenheimer^"  made  a  report  of  the  quality  of  the  blood  in  32 
cases  of  chlorosis ;  only  26  of  these,  however,  are  to  be  regarded  as 
pure  types  of  the  disease.  The  number  of  blood-corpuscles  varied 
between  four  and  five  million,  usually  averaging  four  and  a  half  mil- 
lion, and  consequently  showing  no  decrease.  The  amount  of  hemo- 
globin, on  the  contrary,  was  almost  always  decreased  more  than  30  per 
cent.,  often  40  per  cent,  and  more.     Oppenheimer,  on  the  whole,  con- 
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sequently  agrees  with  the  statements  of  Duncan  and  Griiber.  He  par- 
ticularly emphasizes  the  diagnostic  value  of  such  findings  as  these,  since 
other  pathologic  conditions  which  cause  a  similar  composition  of  the 
blood  (convalcf^cence  from  severe  hemorrhage  or  disease)  are  not  likely 
to  be  confounded  with  chlorosis.  In  secondary  anemias  of  different 
origins  Oppenheimer  found,  in  accord  with  Griiber,  and  we  might  say 
W'ith  all  other  authors,  a  constant  slight  decrease  in  the  number  of  cor- 
puscles wdth  a  decreased  amount  of  hemoglobin.  He  admits,  citing 
illustrative  cases,  that  the  cooperation  of  complications  disturbs  the 
typical  condition  and  that  the  number  of  red  blood-corpuscles  may  be 
considerably  diminished. 

[Cabot  ^  tabulates  his  cases  as  follows  : 

Cases. 

Between  7,000,000  and  8,000,000 1 

6,000,000    "    7,000,000 2 

"        5,000,000    "    6,000,000 26 

"        4,000,000    "    5,000,000 72 

"         3,000,000    "    4,000,000 64 

"         2,000,000    '•     8,000,000 26 

"         1,000,000    "    2,000,000 _1 

Total 192.— Ed.] 

Reinert^^  treats  of  IH  cases  of  pure  chlorosis  in  an  excellent  mono- 
graph. In  5  instances  the  number  of  blood-corpuscles  was  over  four 
millions,  in  13  cases  the  number  was  less.  Among  these  are  a  number 
of  cases  with  only  three  million  of  blood-corpuscles  or  less.  The 
coloring-matter  of  the  blood  was,  almost  without  exception,  decreased 
to  a  much  more  marked  degree  than  the  number  of  red  blood-corpuscles. 
He  consequently  decides  "  that  the  disproportion  between  the  number 
of  red  blood-corpuscles  and  the  amount  of  hemoglobin  at  the  expense 
of  the  latter  is  usually  much  more  strongly  pronounced  in  chlorosis 
than  in  ordinary  anemia."  The  expression  "  chlorotic  blood-corpuscles  " 
(Hayem),  which  refers  to  a  diminution  of  the  coloring-matter  and  of 
size  of  the  individual  corpuscles,  is  in  some  measure  consequently  de- 
scriptive. Although  the  characteristics  are  not  so  well  developed,  this 
kind  of  a  corpuscle  is  also  found  in  the  majority  of  anemias,  and 
Keinert  himself  furnishes  numerous  examples. 

V.  Limbeck  *^  reports  the  results  of  the  blood-examinations  in  16 
cases  of  chlorosis  in  which  frequent  counts  and  estimations  of  hemo- 
globin were  made.  In  v.  Limbeck's  patients  the  diminution  of  hemo- 
globin is  almost  without  exception  more  marked  than  the  decrease  in 
the  number  of  corpuscles  ;  his  figures  are  nevertheless  directly  contra- 
dictory to  the  results  obtained  by  GrJiber,  Opj)enheimer,  and  also  to 
those  of  A.  Maucher,^^  who  published  a  small  series  of  9  cases.     At  the 

'  Clinical  Examination  of  the  Blood, 
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time  when  treatment  was  commenced^  v.  Limbeck  found  but  once  that 
the  number  of  corpuscles  was  more  than  four  million ;  they  were  five 
times  between  three  and  four  million,  five  times  between  two  and  three 
million,  and  five  times  still  less. 

Eichhorst^  has  recently  published  a  small  collection  of  35  cases,  in 
which  no  uniformity  can  be  perceived  in  the  relation  between  the  hemo- 
globin and  the  number  of  blood-corpuscles.  In  this  series  we  find 
records  of  but  11  in  which  there  were  more  than  four  million  cor- 
puscles ;  1 1  were  between  three  and  four  million,  9  between  two  and 
three  million,  and  4  less  than  two  million.  As  a  rule,  the  amount  of 
hemoglobin  was  more  markedly  decreased  than  would  correspond  to  the 
number  of  corpuscles ;  in  the  severest  cases  of  anemia  both  were  de- 
creased in  practically  the  same  proportion. 

R.  Stockman,^  who  has  rendered  many  services  to  the  study  of 
chlorosis  in  recent  years,  gives  the  following  table  of  the  results  of  the 
blood-examinations  in  61  cases  of  pronounced  chlorosis  in  girls  and 
young  women  : 

Number  of  Number  of  Percentage       Average  percentage 

cases.  corpuscles.  of  hemoglobin.       of  hemoglobin. 

6 4^5    million.  46-66  52.6 

9 4  -4J  "  30-60  44.8 

11 3^  "  3.S-54  42.7 

15 3  -3J  "  22-44  33.2 

10 2^-3  "  30-48  35.7 

8 2  -2J  "  20-46  31.6 

2 lJ-2  "  25-28  26.5 

In  this  table  four  and  a  half  million  corpuscles  and  80-90  per  cent, 
of  hemoglobin  (Gower's  hemoglobinometer  scale)  were  regarded  as 
normal. 

R.  Schmaltz**  reports  the  following  figures  from  13  patients : 

5  had  4-5  million  corpuscles ;  hemoglobin  average  6.03  per  cent. 
5     "     3-4       "  "  "  "       5.14         " 

3     "     2-3       "  "  "  "       5.40         " 

In  this  table  12  per  cent,  of  hemoglobin  is  regarded  as  normal. 

The  reports  of  Eichhorst,  Stockman,  and  Schmaltz  consequently 
agree  that  in  chlorosis  the  hemoglobin  alone  may  be  diminished,  but 
that,  as  a  rule,  the  blood-corpuscles  arc  likewise  decreased. 

We  will  forego  mentioning  other  individual  communications.  A 
copious  bibliography  of  the  literature  may  be  found  in  the  works  of 
Reinert*'  (p.  141)  and  v.  Limbeck'^'  (p.  302). 

The  work  upon  the  subject,  as  may  be  seen,  has  not  led  to  a  uniform 
result.  The  followers  of  Duncan  and  Griiber  claim  that  tlieir  o])p()nents 
have    not   examined    pure   and    uncomplicated   cases    of  chlorosis — a 
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reproach  that  is  undoubtedly  too  far-reaching  in  its  generality.  On  the 
other  hand,  it  becomes  evident  that  prejudice  has  caused  the  followers 
of  Duncan  and  Griiber  to  exclude  cases  which  did  not  fit  into  their 
pattern,  although  they  came  within  the  *'  clinical "  conception  of 
chlorosis. 

The  question  is  of  sufficient  importance  to  demand  further  investi- 
gation. If  we  will  find  something  new,  we  must  give  the  most  accu- 
rate attention  to  the  correctness  of  the  diagnosis  of  "  chlorosis  "  and 
follow  out  the  simultaneous  cooperation  of  other  influences  productive 
of  anemia,  in  the  recognition  and  exclusion  of  which  free  scope  is  given 
to  our  discretion.  It  is  also  much  more  urgent  now  than  formerly  to 
determine  whether  the  age  and  race  of  the  patient,  the  stage  and  dura- 
tion of  the  disease,  the  existence  of  previous  chlorotic  attacks,  the  occu- 
pation, the  kind  of  diet,  and  the  therapy  employed,  are  not  of  decisive 
importance  for  the  conditions  found  in  the  blood.  According  to  the 
author's  opinion,  some  of  these  individual  factors  are  responsible  for 
the  many  contradictory  findings.  Upon  p.  368  will  be  found  the 
results  of  his  experience,  formulated  in  short  sentences. 

There  is  but  little  to  be  said  in  reference  to  the  morphologic  peculi- 
arities of  the  red  blood-corpuscle. 

So  far  as  the  size  of  the  corpuscles  is  concerned,  the  original  and 
much-cited  assertion  of  Malassez  ^^  (derived,  indeed,  from  the  examina- 
tion of  a  single  case),  that  the  diameter  was  abnormally  large,  has  not 
been  confirmed  in  its  generality.  From  the  careful  measurements  of 
Griiber  and  Laache  and  also  from  personal  observations,  it  may  be  said 
that  the  results  are  subject  to  great  variations.  We  frequently  meet 
with  no  deviations  from  the  normal ;  in  severe  forms  of  the  disease, 
however,  a  simple  glance  through  the  microscope  will  discover  striking 
differences  in  size  between  the  corpuscles  in  the  field  of  vision,  which 
are  more  marked  than  one  ever  encounters  in  healthy  blood.  This  is, 
however,  not  characteristic  of  chlorosis.  The  absolute  measurements 
of  Laache  and  Griiber  have  been  previously  recorded  upon  p.  371. 

[Cabot,  Grawitz,  and  others  insist  on  the  usual  diminution  in  the 
average  size  of  the  red  corpuscles. — Ed.] 

If  megalocytes  and  microcytes  are  observed  in  the  blood  of  anemic 
individuals,  blood-corj)uscles  with  changed  shapes  (poikilocytes)  are 
never  wanting.  Ordinarily,  they  are  present  only  in  small  numbers 
in  the  blood  of  chlorotics  ;  in  the  milder  grades  of  the  disease  they  are 
entirely  absent.  On  the  other  hand,  there  are  severe  individual  cases 
in  which  extraordinarily  large  numbers  of  poikilocytes  are  found.  The 
authors  have  observed  a  patient  affected  with  undoubted  chlorosis  whose 


SPECIAL  SYMPTOMATOLOGY.  375 

blood,  in  the  beginning,  showed  more  poikilocytes  than  regularly  formed 
blood-corpuscles.  After  ten  days'  treatment  with  arsenic  the  poikilo- 
cytes had  almost  completely  disappeared.  R.  Muir  *^  mentions  a  simi- 
larly extreme  degree  of  poikilocytosis  in  a  case  of  chlorosis,  and  adds 
to  his  report  a  handsome  illustration  of  a  specimen  of  the  blood. 
These  cases  are  rare  and  exceptional ;  we  must  be  familiar  with  them, 
however,  since  we  could  readily  be  led  astray  from  the  diagnosis  of 
chlorosis  by  a  surprising  find  of  marked  poikilocytosis. 

[Smith  ^  found  an  increase  of  the  total  volume  of  blood  by  the 
carbonic-oxid  method.  The  average  volume  in  21  cases  was  4883 
c.cm.,  the  normal  being  3240  c.cm.  In  some  cases  the  volume  was 
nearly  double  the  normal.  As  the  specific  gravity  of  the  plasma  is 
normal,  there  would  seem  to  be  an  increase  of  normal  plasma  and  an 
actual  increase  in  the  number  of  red  corpuscles. — Ed.] 

Nucleated  red  blood-discs  hold  about  the  same  relations  as  do  the 
poikilocytes.  After  their  appearance  in  the  circulating  blood  had  long 
been  looked  upon  as  an  extreme  rarity,  Ehrlich  *'^  was  successful,  with 
the  aid  of  his  staining  method,  in  first  demonstrating  the  presence  of 
nucleated  red  blood-corpuscles  in  all  cases  of  severe  anemia.  The  first 
special  mention  of  nucleated  red  blood-corpuscles  in  chlorosis  is  to  be 
found  in  a  dissertation  by  C.  Jacoby  *^ ;  the  blood-preparations  were 
prepared  and  examined  by  Ehrlich  himself,  and  the  cells  were  of  the 
large  nucleated  variety  known  as  megaloblasts.  The  same  cell  forms 
were  found  later  by  Hammerschlag  ^^  in  a  case  of  chlorosis.  The  small 
nucleated  red  blood-corpuscles  (normoblasts)  are  much  more  frequent. 
With  careful  searching  and  the  employment  of  a  good  staining  technic 
they  will  always  be  found  to  some  extent  in  every  moderately  severe 
case  of  chlorosis.  From  daily  examinations  of  the  blood,  we  have 
frequently  been  able  to  establish  that  their  number  varies  consider- 
ably and  apparently  without  any  regularity.  Sometimes  every  specimen 
contains  one,  two,  or  more  nucleated  corpuscles  ;  on  other  days  many 
specimens  must  be  examined  before  a  single  one  is  found.  That  they 
suddenly  appear  in  large  numbers  in  a  similar  manner  to  the  ''  blood- 
crises"^''  first  described  by  the  authors,  as  Neuddrfer'^^  mentions,  tlie 
former  has  never  seen  in  spite  of  diligent  investigation,  although  we 
has  seen  this  quite  frequently  in  other  forms  of  anemia.  From  the  in- 
vestigations of  Neumann,  Bizzozero,  and  particularly  those  of  Ehrlich, 
no  doubt  can  exist  concerning  the  significance  of  the  small  nucleated 
blood-corpuscles  (normoblasts).  They  are  the  evidence  of  active  regen- 
erative processes  in  the  blood-forming  organs  (bone-marrow).     Clinical 

^  Jour,  of  Physiol.,  vol.  xxv. ,  p.  6. 
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facts,  however,  do  not  allow  of  the  conclusion  that  their  appearance  in 
the  blood  is  the  forerunner  of  a  speedy  cure  of  the  chlorosis.  The  in- 
crease of  the  nucleated  cells,  moreover,  coincides  just  as  frequently  with 
deteriorations  as  with  improvements  in  the  hemoglobin  percentage  and 
general  condition.  It  would  seem  from  this  that  the  regeneration  in 
the  blood-forming  organs  does  not  occur  everywhere  with  the  same  degree 
of  energy.  While  in  one  location  it  may  be  so  active  that  young,  im- 
mature nucleated  structures  are  thrown  out  into  the  blood ;  in  other 
situations  the  process  may  still  be  at  a  very  low  ebb.  Ordinarily,  the 
course  of  chlorosis  is  much  too  extended  and  the  regeneration  of  the 
blood  much  too  limited  for  the  process  of  recovery  to  have  a  visible  ex- 
pression in  the  blood  itself  in  the  form  of  a  sudden  flooding  of  the 
blood  with  nucleated  elements. 

According  to  E.  Maragliano  and  P.  Castelliuo^-  blood-corpuscles  are 
to  be  found  in  severe  forms  of  chlorosis  in  which  the  agonic  phenomena 
("  slow  necrobiosis  ")  described  by  them  may  be  recognized. 

THE  COLORLESS  ELEMENTS. 

The  statements  in  regard  to  the  white  blood-corpuscles  are  much 
fewer  in  number.  The  older  authors  speak  only  of  "  normal  condition," 
of  "  slight  increase,"  or  of  "  slight  decrease."  Characteristic  changes 
in  number  and  form,  as  they  occur  in  other  diseases  of  the  blood,  were 
denied.  In  a  general  way  this  old  teaching,  based  more  upon  estimate 
than  upon  actual  count,  still  holds  good.  The  newer  investigations  of 
the  blood,  directed  especially  toward  the  white  corpuscle,  have  indeed 
furnished  us  with  more  accurate  information  concerning  their  number, 
the  proportion  in  which  the  individual  varieties  are  found,  and  the 
occasional  appearance  of  the  rarer  forms,  but  nothing  has  been  changed 
in  the  old  statement  that  the  leukocytes  are  not  subject  to  any  charac- 
teristic change  in  chlorosis. 

The  following  may  be  mentioned  as  some  of  the  results  obtained 
by  individual  investigators  : 

In  7  cases  of  chlorosis,  Sorensen  ^  found  the  average  ratio  of  white 
corpuscles  to  red  to  be  as  1  :  616.     In  28  cases  Graber  found  the  ratio 
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greater  than  1 

:300 

7  times  between 

400  and  1 

:  500 

3     " 
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5     " 
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Griiber^^  regards  the  ratio  as  normal — and  we  agree  with  him — as 
long  as  it  remains  between  the  extremes  of  1  :  400  and  1  :  1 000.  Since 
the  red  blood-discs  were  undiminished  almost  throughout  Griiber's 
cases,  his  figures  show  that  not  only  the  relative,  but  also  the  absolute, 
number  of  white  cells  were  almost  always  normal.  Reinert  ^  came  to 
absolutely  the  same  result  in  his  examinations  of  the  blood  of  10  cases. 
With  two  exceptions  the  absolute  numbers  were  between  4000  and 
10,000  white  corpuscles  in  the  cubic  millimeter;  larger  numbers  were 
observed  in  2  instances  (11,000  and  13,000).  The  relative  proportions 
usually  remained  between  1  :  400  and  1  :  900 ;  temporarily  the  ratio  in 
individual  cases  was  somewhat  less.  In  11  cases  of  chlorosis  Muir^^ 
counted  between  2000  and  8000  white  blood-corpuscles ;  the  relative 
proportion  always  remained  within  the  limits  designated  as  normal  by 
GrJiber.  According  to  R.  Miiller  ^^  the  increase  of  the  white  corpuscles 
after  the  ingestion  of  food  ("  digestion  leukocytosis  ")  is  much  less  in 
chlorotic  than  in  healthy  individuals. 

The  mass  of  white  blood-corpuscles,  as  is  well  known,  is  composed 
of  a  number  of  very  different  forms.  The  study  of  these  was  first 
made  possible  by  Ehrlich's  ^^  fundamental  work.  We  are  indebted  to 
one  of  his  pupils,  Einhorn,®"  for  the  earliest  communications  concern- 
ing the  relative  proportions  of  the  forms  of  leukocytes  in  chlorotic 
blood.  In  4  cases  he  found  9.28,  11.46,  21.6,  and  52  per  cent, 
of  lymphocytes,  while  the  remainder  of  the  white  corpuscles  were  to  be 
classified  among  the  mononuclear  and  polymorphonuclear  cells.  For 
the  proper  valuation  of  these  figures  it  is  important  to  remember  that 
the  same  author  found  the  healthy  blood  to  contain  20-30  per  cent,  of 
lymphocytes.  The  investigations  of  Griiber  ^^  were  more  extended ; 
the  percentage  of  the  lymphocytes  was  mostly  normal  (according  to 
Griiber,  normal  =  15-35  per  cent.,  average  24.5  per  cent.).  In  only 
2  instances  was  the  number  of  lymphocytes  considerably  increased 
above  this  amount,  reaching  40  and  61  per  cent.  We  will  limit  ourselves 
to  the  statement  of  these  facts,  because  we  do  not  yet  sufficiently  appre- 
ciate what  significance  is  to  be  attributed  to  a  slight  increase  or  decrease 
of  the  lymphocytes. 

A  slight  relative  and  absolute  increase  of  leukocytes  with  coarse 
eosinophilic  granulations  has  frequently  been  described  by  such  investi- 
gators as  Eichhorst.^^  The  author's  personal  experience  confirms  the 
correctness  of  this  observation  in  individual  cases ;  the  exact  counts, 
however,  are  not  at  his  disposal.  Such  counts  are  to  be  found  in  the 
articles  by  Canon,*'"-'*  H,  F.  Miiller,  and  Rieder,^^  and  Zappcrt.*'''  The 
normal  number  of  eosinophile  cells  usually  varies  between  50  and  250 
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in  the  cubic  millimeter  ;  they  comprise  about  1-4  per  cent,  of  the  white 
corpuscles.  A  greater  number  may,  however,  be  exceptionally  encoun- 
tered in  healthy  individuals,  reaching  11  per  cent.  (Zaj^pert)  and  20  per 
cent.  (Rieder  and  Midler).  Canon,  who  furnished  the  first  statistics 
ujK)n  the  eosiuophiles  in  chlorosis,  records  2  cases  with  0.75  and  5 
per  cent.  In  Midler  and  Rieder's  7  cases  of  pure  chlorosis  the  per- 
centages lay  between  1.14  and  3.6  per  cent,  in  (3  instances;  in  1  case 
9.6  per  cent,  was  observal.  In  11  cases  Zappert  found  the  absolute 
number  to  vary  between  97  and  500 ;  the  relative  proportion  was 
between  0.65  and  3.74  per  cent.,  only  once  rising  to  8.54  per  cent. 
None  of  the  authors  named  have  attributed  any  diagnostic  or  prog- 
nostic significance  to  slight  increase  or  decrease  in  the  number  of 
eosinophile  cells.  Only  Neusser,^®  who  attempts  to  draw  far-reaching 
conclusions  in  various  conditions  of  the  blood,  believes  that  a  particular 
nosologic  ])osition  and  a  better  prognosis  must  be  given  to  the  chloroses 
with  a  marked  increase  of  the  eosinophile  element. 

It  is  to  be  mentioned  as  a  rarity  that  Hammerschlag  ®''  found  large 
mononuclear  leukocytes  with  neutrophilic  granulations  (myelocytes)  in 
the  blood  of  very  severe  cases  of  chlorosis.  The  author  has  never  seen 
such  a  cell  in  numerous  well-stained  specimens  obtained  from  severe 
cases. 

Muir^®  is  the  only  author  the  writer  has  found  who  makes  exact 
statements  in  regard  to  the  blood-platelets.  He  regards  from  200,000 
to  300,000  platelets  in  a  cubic  millimeter  as  the  normal  number  in 
healthy  individuals ;  in  chlorotic  blood  they  were,  almost  without  ex- 
ception, considerably  increased,  the  number  in  most  cases  being  between 
350,000  and  400,000.  Hanot  and  Matthieu,"*  without  making  any 
accurate  counts,  had  previously  called  attention  to  the  increased  number 
of  platelets  found  in  chlorotic  blood  and  had  utilized  this  fact  in  the 
explanation  of  the  thromboses  occurring  in  chlorosis. 

CHEMISTRY  AND  PHYSICS  OF  THE  BLOOD. 

Specific  Gravity  and  Dry  Residue. — The  decrease  in  the 
specific  gravity  and  in  the  dry  residue  holds  a  relation  to  the  diminu- 
tion of  the  number  of  red  blood-cells  and  hemoglobin.  A  complete 
parallelism  between  the  hemoglobin  percentage  and  the  specific  gravity 
could  naturally  be  expected  only  when  all  the  other  constituents  influ- 
encing the  specific  gravity  of  the  blood,  particularly  the  albumins  of 
the  serum,  remain  unchanged.  On  the  whole,  this  is  true  of  chlorotic 
blood,  and  A .  Hammcrschlag  ^^'^  comes  to  the  conclusion  that  "  In 
chlorosis  a  constant  relation  exists  between  the  hemoglobin  percentage 
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and  the  specific  gravity,  since  a  definite  hemoglobin  percentage  in  dif- 
ferent patients  corresponds  to  the  same  specific  gravity.  It  consequently 
follows  that  we  may  estimate  theamount  of  hemoglobin  from  the  specific 
gravity,  and  it  is  only  necessary  to  obtain  the  specific  gravity  to  judge 
of  the  condition  of  the  disease."  He  then  gives  the  following  table, 
based  upon  the  results  obtained  by  himself  and  Schmaltz,"^  for  the 
computation  of  the  amount  of  hemoglobin  from  the  specific  gravity  : 

Specific  gravity. 

1033-1035 
1035-1038 
1038-1040 
1040-1045 
1045-1048 
1048-1050 
1050-1053 
1053-1055 
1055-1057 
1057-1060 

In  this  table  95-100  per  cent,  hemoglobin  (methods  of  Fleischl  or 
Gowers)  is  taken  as  the  normal  amount.  When  we  reflect  that  the 
more  convenient  methods  of  determining  the  hemoglobin  percentage  at 
the  bedside  are  combined  with  great  sources  of  error,  excluded  only  by 
long  practice,  and  that  the  determination  of  the  specific  gravity  (by  the 
methods  of  Schmaltz,  Hammerschlag,  Lloyd  Jones)  may  be  carried  out 
with  great  exactness,  the  suggestion  of  Hammerschlag  becomes  clearly 
practical  and  acceptable.  Stintzing  and  Gumprecht"*'  have  indeed 
shown  that,  both  in  the  investigations  of  Hammerschlag  and  also  in  the 
similar  ones  of  Siegl,^'  Schmaltz,  and  Scholkoif,^^  the  hemoglobin  per- 
centages do  not  always  go  exactly  parallel  with  the  specific  gravities. 
From  this  would  follow,  according  to  the  views  of  these  authors,  the 
uselessness  of  Hammerschlag's  comparative  table  and  the  still  more 
accurately  computed  one  of  Schmaltz.''^  We  can  not  share  in  these 
objections,  but  we  do  think  that  the  slight  incongruities  which  are  found 
between  the  specific  gravity  and  hemoglobin  percentage-curves  may  be 
explained  by  the  uncertain  methods  of  hemoglobin  estimation.  If  we 
wish  to  make  very  accurate  scientific  investigations  upon  the  percentage 
of  hemoglobin  of  the  blood  we  must  always  confine  ourselves  to  direct 
estimations  of  hemoglobin  ;  we  should  then,  however,  employ  only 
really  good  and  exact  methods  and  not  choose  instruments  which  give 
rise  to  all  sorts  of  errors  (v.  Noorden  ''').  For  the  purpose  of  obtaining 
information  at  the  bedside,  for  judging  the  amount  of  the  decrease  in 
hemoglobin,  and  to  determine  the  advance  of  the  increase  or  decrease 
of  the  coloring-mutter  of  the  blood  of  the  individual  cases,  the  estima- 
tion of   the  specific  gravity  is,   however,  sufficiently  accurate.      The 
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tables  ^  of  Hammerschlag  (see  p.  379)  or  of  Schmaltz  are  then  to 
be  employed,  and  we  may  rest  assured  that  a  direct  estimation  of  the 
hemoglobin  by  one  of  the  more  convenient  methods  in  vogue  (Fleischl, 
Gowers,  etc.)  would  not  have  furnished  any  more  accurate  results. 
This  is  only  to  be  recommended  for  chlorosis,  since  it  has  been  estab- 
lished in  this  disease  that  the  dried  residue  of  the  serum,  which  also 
has  an  important  influence  upon  the  specific  gravity,  deviates  very  little 
or  not  at  all  from  the  normal  (see  p.  381).  The  amount  of  albumin 
in  the  serum  suffers  only  in  the  very  severe  cases  (E.  Grawitz*'),  and 
the  specific  gravity  of  the  entire  blood  would  then  naturally  indicate  a 
smaller  percentage  of  hemoglobin  than  was  actually  present. 

As  has  just  been  indicated,  the  dry  residue  of  the  entire  blood  may 
also  be  determined  instead  of  the  specific  gravity.  The  serum  albumin 
being  approximately  constant  and  a  change  in  the  amount  of  contained 
salts  having  such  a  trivial  influence,  a  decrease  in  the  dry  residue  is  to 
be  referred  to  a  diminution  of  the  percentage  of  hemoglobin.  The 
procedure  was  first  employed  by  the  author  for  the  express  purpose  of 
ascertaining  the  amount  of  hemoglobin  ;  some  of  the  results  so  obtained 
were  published  in  the  dissertation  by  Lipman-Wulf."  The  method  was 
more  accurately  studied  and  tested  by  Stintzing  and  Gumprecht.''''  With 
the  exception  of  small  differences,  having  scarcely  any  practical  import, 
the  results  agree  with  those  obtained  by  the  estimation  of  the  specific 
gravity.  Stintzing  and  Gumprecht  give  the  following  comparative 
table  for  chlorosis  (the  so-called  "  relative "  hemoglobin  values  have 
been  transformed  into  percentages — normal  =  12.5  percent,  in  healthy 
women) : 

Dry  residue.  Percentage  of  hemoglobiu. 

12.5  per  cent.  3.7-^  5.00 

13.4      "  6.00-  6.25 

15.8      "  6.2.5-  7.50 

18.3      "  7.50-  8.75 

18.8       "  8.75-10.00 

19.0      "  10.00-10.60 

These  figures  also  are  true  only  for  chlorosis,  in  other  anemias  which 
cause  a  decrease  in  the  serum  albumin  the  dry  residue  is  somewhat  less 
with  the  same  amount  of  hemoglobin.  Stintzing  and  Gumprecht  were 
able  to  confirm  the  previously  known  fact  that  during  recovery  from 
chlorosis  the  dry  residue  of  the  blood,  or  its  hemoglobin,  increases  much 
more  rapidly  than  the  number  of  blood-corpuscles  (see  p.  370). 

A  few  figures  may  elucidate  the  behavior  of  the  specific  gravity  and 
of  the  dry  residue  of  the  blood  in  chlorosis. 

'  G.  Diabella  has  recently  worked  out  this  question  in  a  most  thorough  manner. — 
Arch./,  klin.  Med.,  Bd.  57,  S.  302,  1896. 
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In  healthy  individuals  the  specific  gravity  of  the  blood  varies 
between  1055  and  1000,  the  lower  figures  being  more  frequent  in 
women.      In  chlorotic  girls  and  women — 

Hammerschlag  *"'  found  1035-1045.5 

Lloyd  Jones  7^  ''       1035-1049 

Schmaltz «»  "       1030-1049 

Hammerschlag  77     "       1036-1052 

Menicanti^s  '--       1034-1046 

According  to  Stintzing  and  Gumprecht,  the  dry  residue  of  the  blood 
in  healthy  w^omen  amounts  to  18.4-21.5  per  cent.  In  13  cases  of 
chlorosis,  at  the  height  of  the  disease,  the  same  authors  record  in  8 
instances  values  between  11.7  and  16  per  cent.,  in  5  instances  values 
between  16  and  19.4  per  cent.  The  figures  of  E.  Grawitz  ^^  vary 
between  13.8  and  16.2  per  cent.  The  author's  results  in  the  years 
1889-1892  were  mostly  obtained  from  very  severe  cases,  and  are  as 
follows:  in  7  instances  11—13  per  cent.,  in  4  instances  13.1—16  per 
cent.  In  1 1  observations  made  by  Maxon  ^^  the  dry  residue  varied 
between  11.4  and  17.5  per  cent. 

The  concentration  of  the  serum,  which  is  not  without  signif- 
icance for  the  critical  judgment  of  the  conditions  just  described,  was 
specially  studied  by  Becquerel  and  Rodier,  and  by  Hammerschlag.  The 
normal  specific  gravity  varies  between  1028  and  1032.  Becquerel  and 
Rodier*^  give  1028.1  as  the  average  value  in  chlorosis;  in  30  cases 
Hammerschlag  77  records  nothing  less  than  1027  and  nothing  more  than 
1032.  The  numbers  most  frequently  recurring  are  1029  and  1030. 
The  results  obtained  by  Lloyd  Jones  ^  and  E.  Grawitz  correspond 
throughout,  but  Grawitz^"  adds  that  in  very  severe  cases  of  chlorosis 
the  serum  is  also  aifected,  losing  some  of  its  albumin  and  consequently 
exhibiting  a  lower  specific  gravity  and  less  dry  residue.  He  mentions 
2  cases  with  7.28  and  7.60  per  cent,  of  dry  residue  respectively  (in 
contrast  with  10  per  cent.,  which  is  about  normal).  The  nutritive  con- 
dition was  evidently  poor  at  the  time,  because  when  the  diet  became 
richer  and  the  patient  gained  in  weight  the  concentration  of  the  serum 
rose  rapidly  to  the  normal  long  before  the  hemoglobin  percentage  had 
experienced  a  similar  increase. 

We  are  indebted  to  the  investigations  of  v.  Limbeck  and  V.  Pick  ^"^ 
for  certain  information  in  reference  to  the  relative  proportions  of  the 
albuminous  substances  in  the  serum.     Tiie  first  and  second 

'  Lloyd  .Tones  designates  1027.1  as  tJie  normal  average  value  of  the  specific  gravity 
of  the  blood  in  girls  under  fifteen  years  of  age,  1028.1  in  girls  over  fifteen.  In  chlorosis 
he  found  1025.5-1029,  with  an  average  of  1027.3,  a  practically  normal  value. 
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cases  showed  34.53  and  38.3  per  cent,  of  globulin  respectively ;  the 
large  remaining  percentage  Mas  albumin.  These  figures  are  to  be  found 
in  the  table  Avhich  these  authors  published  upon  the  composition  of  the 
normal  serum ;  the  normal  table,  indeed,  more  frequently  shows  a  some- 
what smaller  percentage  of  globulin. 

According  to  the  analyses  of  Becquerel  and  Rodier  '^^  the  amount  of 
fibrin  is  increased  in  chlorotic  blood  ;  they  record  3  ])er  cent,  of  fibrin, 
while  normal  blood  contains  only  1.9—2.2  per  cent.  Neither  of  these 
observations  have  been  of  value  as  yet  for  the  critical  investigation  of 
the  chlorotic  process. 

Isotonic  Value  of  Serum. — In  concluding  the  consideration  of 
the  characteristics  of  the  serum  the  results  of  a  few  experiments  in 
reference  to  its  isotonic  value  are  to  be  mentioned.  There  are  only  two 
observations — those  of  v.  Limbeck.^  He  found  the  isotonia  of  the 
blood-corpuscles  (or  of  the  plasma)  to  equal  that  of  0.38  and  0.4  per 
cent,  solutions  of  sodium  chlorid  (the  normal,  according  to  v.  Limbeck, 
is  0.44-0.48  per  cent.). 

Mineral  Substances. — Of  the  mineral  substances  occurring  in 
the  blood,  iron  has  naturally  excited  the  most  attention,  since  it  is  a 
constituent  of  the  hemoglobin.  The  oldest  and  still  the  most  important 
analyses  were  made  by  Becquerel  and  Rodier.^  In  contrast  tt)  the  nor- 
mal amount  of  0.486-0.575  per  cent.,  the  bloods  of  six  chlorotic  indi- 
viduals showed  an  average  of  only  0.319  per  cent,  of  iron.  Since  that 
time  the  theory  of  the  iron  impoverishment  of  the  blood  in  chlorosis 
has  been  generally  accepted,  and  it  is  only  very  recently  that  this  state- 
ment has  met  with  contradiction.  In  6  cases  Biernacki  ^  found  the 
percentage  of  iron  in  the  blood  either  not  diminished  at  all,  or  not 
diminished  to  the  degree  that  the  decreased  amount  of  hemoglobin 
would  indicate.  He  finally  concludes  that  the  impoverishment  of  hemo- 
globin is  by  no  means  the  real  chemic  characteristic  of  chlorotic  blood, 
but  that  the  substance  of  the  corpuscles  may  even  be  abnormally  rich 
in  iron  and  hemoglobin.  The  pale  color  of  the  blood  is  caused  by  the 
decrease  of  other  coloring-matters,  and  its  lowered  specific  gravity  is 
sufficiently  explained  by  the  decreased  percentage  of  albumins.  Al- 
though the  dissertation  of  Biernacki  gives  the  impression  of  careful 
work,  we  must  look  upon  his  results  with  some  skepticism,  since  they 
contradict  all  previous  experiences  in  the  chemistry  of  the  blood. 

Of  the  other  constituents  of  the  ash  of  the  blood,  we  are  especially 
interested  in  chlorin  (or  sodium  chlorid),  potash,  and  phosphoric  acid. 
Previous  investigations  are  unfortunately  not  sufficient  to  furnish  clear 
and  complete  information  in  reference  to  the  quantitative  variations  of 
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these  substances  at  the  height  of  the  chlorosis  and  during  the  course  of 
the  disease.  There  are  many  contradictions  which  can  scarcely  be 
solved  with  our  present  knowledge.  We  certainly  must  not  put  im- 
plicit confidence  in  every  analysis  of  the  ash  of  the  blood,  since  such 
analyses  are  the  most  difficult  in  chemistry  and  but  few  physicians  are 
competent  to  make  them. 

It  may  be  supposed  a  priori  that  those  salts  occurring  chiefly  in  the 
red  cells  will  be  found  in  diminished  amounts  in  chlorosis,  while  those 
occurring  chiefly  in  the  serum  will  be  found  in  normal  or  even  rela- 
tively increased  quantities.  This  conclusion  is  nevertheless  not  impera- 
tive, since  the  phosphates  of  the  red  corpuscles  may  increase  or  decrease 
completely,  independently  of  their  hemoglobin  percentage.  Without 
entering  upon  a  discussion  as  to  the  range  of  the  observations,  we  will 
state  the  previously  obtained  facts. 

Becquerel  and  Bodier  :  ** 

Total  blood. 


In  health.  In  chlorosis. 

Sodium  chlorid    .  0.35-4.00  per  ct.  (average  =  0.390  per  ct.)        0.310  per  ct. 
Phosphates   .    .    .  0.25-0.65      "       (       "       ^  0.354      "     )        0.441       "      (average) 


Biernacki : 


Total  blood. 


In  health.  In  chlorosis. 

Sodium  chlorid  .    .  0.441-0.468  per  ct.  0.479,  0.437,  0.427,  0.474,  0.474,  0.532  per  ct. 

Potash      0.160-0.174       "  0.127,  0.128,  0.120,  0.104,  0.125, 0.061       " 

Phosphoric  acid  .    .  0.0729  "  0.056  per  ct. 

The  individual  numbers  are  arranged  according  to  the  degree  of 
hemoglobin  impoverishment.  The  first  five  values  of  sodium  chlorid 
and  potash  and  the  isolated  value  for  phosphoric  acid  were  obtained 
from  mild  degrees  of  anemia  (hemoglobin  decreased  to  one-half  or  to 
one-third).  In  the  sixth  case  the  hemoglobin  percentage  was  diminished 
to  one-fourth  of  the  normal  value. 

V.  Moraczewski :  ^ 

Total  blood  in  chlorosis. 

Chlorin 0.2605,  0.2910,  0.2340,  0.293  per  cent. 

Phosphorus 0.0466,  0.0753,  0.0816,  0.036        " 

V.  Moraczewski  designates  0.1-0.2  per  cent,  of  chlorin,  and  0.1 
per  cent,  of  phosphorus  as  the  normal  percentages.  In  chlorotic  blood, 
therefore,  he  found  the  phosphorus  decreased  and  the  chlorin  increased. 

The  author's  assistant,  Dr.  Pickardt,  found  the  following  conditions 

in  a  chlorotic  : 

Blood  :  Dry  residue  ^=  13.9  per  cent. 

Hemoglobin  calculated  from  the  dry  residue  =  5.8  per  cent. 
Hemoglobin  by  colorimetric  determination  =  5.6  per  cent. 
Chlorin  —  0.324  per  cent. 
Blood-corpuscles  =  3,800,000. 
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At  the  time  of  the  withdrawal  of  the  blood  the  urine  contained 
0.42  per  cent,  of  chlorin.  The  amount  of  chlorin  in  the  urine  varied 
between  0.42  per  cent,  and  0.49  per  cent.  ;  upon  a  salty  diet  the  daily 
amounts  of  chlorin  in  the  urine  were  :  9.2  gm.,  G.15  gm.,  8.84  gm. 
The  blood  for  examination  was  taken  upon  the  last  day. 

Alkalinity. — Many  investigations  have  been  carried  out  in  refer- 
ence to  the  alkalinity  of  the  blood.  Reliable  figures  are  wanting,  hoM- 
ever,  since  the  ordinary  methods  for  determining  the  alkalinity  furnish 
rather  inaccurate  results.  The  first  reports  come  from  de  Rezi/^  who 
records  a  moderate  diminution  of  alkalinity.  The  investigations  of 
V.  Jaksch  **  led  to  a  similar  result.  These  analyses  were  contradicted 
by  those  of.  Griiber/^  M'ho  used  the  same  methods  as  those  employed  by 
V.  Jaksch  and  found  an  increased  alkalinity.  Pciper^  and  W.  H. 
Rumpf  *'  agree  with  Griiber.  The  position  of  Runipf  is  to  be  particu- 
larly emphasized,  since  he  designates  the  increased  alkalinity  as  an 
essential  quality,  differentiating  chlorosis  from  other  forms  of  anemia. 
He  says  :  "  By  the  increased  alkalinity  of  the  blood,  chlorosis  proves 
itself  to  be  a  chemic  disturbance  of  the  plasma  which  progresses  with 
alterations  of  form,  size,  and  coloring-strength  of  the  red  blood- 
corpuscles."  Drouin^-  reports  1  case  with  increased  and  1  case  with 
diminished  alkalinity.  Fr.  Kraus^^  determined  the  quantity  of  CO2 
in  venous  blood  (H.  Meyer's  method  of  determining  the  alkalinity). 
Since  the  quantities  obtained  were  within  normal  limits  (36.97  and 
37.01  per  cent,  of  CO2  by  volume),  he  objects  to  the  teaching  of  Graber. 
V.  Limbeck  and  Steindler^^  likewise  obtained  normal  alkalinities  by 
other  methods. 

We  will  not  enter  into  a  discussion  upon  these  contradictory  results, 
since  the  important  studies  of  A.  Loewy  ^^  have  impaired  tjie  value  of 
these  and  similar  determinations  of  alkalinity.  Loewy  was  able  to 
demonstrate  the  inadmissability  of  all  methods  that  worked  with  opaque 
blood;  he  produced  proof  showing  why  they  must  furnish  contradictory 
results.  According  to  A.  Loewy's  experimental  studies,  there  remain 
but  two  methods  which  may  be  employed  : 

1.  The  determination  of  the  amount  of  carbonic  acid  in  the  blood 
(employed  only  by  Fr.  Kraus  in  chlorosis).  It  is  true  that  we  learn 
absolutely  nothing  about  the  total  alkalinity  of  the  blood  or  of  the 
serum,  but  we  do  learn  something  about  a  j)()rtion  of  the  blood  which 
is  physiologically  effective  in  a  definite  direction,  namely,  the  portion 
which  is  of  importance  for  the  interchange  of  gases. 

2.  Titration  of  laked  blood.  In  addition  to  the  alkali  effective  as 
a  carbonic-acid  carrier,  this  procedure  also  reveals  a  certain  amount  of 


SPECIAL  SYMPTOMATOLOGY.  385 

another  alkali,  the  function  and  disposition  of  which  are  as  yet  unknown. 
The  alkalinity  of  laked  blood  is  much  higher  than  that  formerly  ob- 
tained from  opaque  blood.  In  healthy  persons  Loewy  found  :  100  gm. 
of  blood  =  447-509  mg.  of  NaOH.  Among  the  patients  in  the  author's 
wards  who  were  examined  by  A.  Loewy ,®^  at  the  request  of  the  former, 
there  was  a  girl  with  chlorosis.  At  the  height  of  the  disease  the  alka- 
linity was  equal  to  662.3  mg. ;  during  improvement  to  541.8  mg.  NaOH 
for  100  gm.  of  blood.  Other  investigations,  with  the  aid  of  the  titra- 
tion method  of  Loewy,  the  only  one  now  admissible,  have  not  yet  been 
carried  out. 

REVIEW. 

If  we  review  the  preceding  discussion,  the  judgment  pronounced 
at  its  beginning  will  not  seem  too  severe.  In  the  course  of  the  last 
twenty  years  a  great  amount  of  earnest  effort  has  been  devoted  to  the 
investigation  of  the  blood  of  chlorosis,  and  yet  we  have  acquired  scarcely 
any  facts  which  are  absolute  or  of  practical  significance.  It  is  to  be 
hoped  that  the  suggestions  furnished  from  the  confused  mass  of  loosely 
connected  individual  observations  will  be  productive  of  systematic  and 
well-planned  investigations. 

In  closing  the  author  will  review  the  most  important  points.  The 
following  statements  may  now  be  made  in  reference  to  chlorotic  blood  : 

The  decrease  of  the  hemoglobin  percentage  is  constant.  According 
to  all  authors  it  is  more  marked  than  the  diminution  in  the  number  of 
corpuscles.  Some  go  so  far  as  to  deny  any  decrease  of  the  latter  in 
pure  cases  of  chlorosis.  This  is  without  doubt  an  exaggeration.  It  is 
not  justifiable  to  exclude  those  frequent  cases  in  which  the  clinical 
diagnosis  has  been  accurately  made  and  designate  them  as  complicated 
because  of  a  decrease  in  the  number  of  corpuscles,  since  the  blood  de- 
scribed as  typical  by  Duncan  and  Griiber  is  not  to  be  held  up  as  a 
standard.  In  the  meantime  the  conditions  which  produce  a  decrease  in 
the  number  of  corpuscles  as  well  as  an  impoverishment  of  the  hemo- 
globin are  not  yet  sufficiently  established. 

In  all  severe  cases  an  irregular  distribution  of  the  coloring-matter 
and  irregularities  of  form  of  the  red  corpuscles  are  constant ;  the  ap- 
pearance of  normoblasts  in  large  or  small  numbers  is  also  constant — at 
least  in  severe  cases.  In  these  respects  severe  forms  of  chlorosis  re- 
semble all  other  forms  of  anemia, 

Th(>  condition  of  the  white  blood-corpuscles  is  normal  in  all  essential 
points,.  In  tliis  respect  chlorotic  blood  differentiates  itself  from  many 
other  forms  of  anemia. 

The  dry  residue  and  specific  gravity  of  the  blood  decrease  at  ap- 
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proximately  the  same  rate  as  the  hemoglobin,  which  permits  conclusions 
to  be  drawn  from  these  factors  in  reference  to  the  hemoglobin  percentage. 
In  pure  cases  of  chlorosis  the  density  of  the  serum  is  not  decreased. 

Of  the  mineral  substances  of  the  blood,  iron  suffers  a  diminution 
corresponding  to  the  loss  of  hemoglobin.  That  which  has  been  learned 
iu  reference  to  the  other  mineral  substances  is  so  insufficient  and  contra- 
dictory that  a  conclusion  can  not  be  drawn  either  as  to  their  significance 
or  as  to  the  diagnosis  of  the  chlorotic  process. 

THE  VASCULAR  SYSTEM. 

In  chlorosis  the  vascular  apparatus  is  the  most  frequently  affected  of 
all  the  systems  of  organs.  Some  of  these  changes  are  the  most  regular 
concomitants  of  the  disease. 

HYPOPLASIA  OF  THE  VASCULAR  SYSTEM. 

Some  have  gone  so  far  as  to  bring  chlorosis  into  a  close  etiologic 
relation  with  pathologic-anatomic  changes  in  the  vascular  apparatus. 
After  Rokitansky  ^  first  pointed  out  that  a  permanent  and  almost  in- 
curable chlorotic  condition  is  found  in  women  with  hypoplasia  of  the 
vascular  system  and  genitalia,  R.  Virchow  ^  made  a  thorough  study  of 
this  question.  He  published  the  reports  of  some  autopsies  in  which  the 
aorta  was  thinner  and  of  smaller  caliber,  and  in  which  there  had  been 
other  developmental  disturbances  of  the  arterial  system.  Since  the 
extensively  quoted  work  of  Virchow,  we  have  not  gained  much  addi- 
tional information  upon  this  point ;  it  is  to  be  particularly  noted  that 
no  extensive  rejwrt  of  such  autopsies  has  since  been  published.  Indi- 
vidual confirmatory  results  have,  however,  not  been  wanting.  "VVe  men- 
tion the  cases  of  Gilly,'^  Tissier,^  and  one  of  Kockel's.^"*"  In  the 
autopsy  reports,  by  Bollinger,'""  Rendu,'"-  and  a  second  case  by  Kockel, 
nothing  is  said  about  hypoplasia  of  the  aorta. 

Some  have  since  gone  beyond  Virchow's  own  statements,  and — pur- 
porting to  have  the  authority  of  Virchow — have  represented  the  condition 
of  affairs  as  if  chlorosis  was  always  due  to  the  congenital  narrowness 
of  the  aorta  and  other  vascular  hypoplasias.  The  simple  clinical  reflec- 
tion that  the  narrowing  of  the  aorta  is  a  permanent  and  incurable  con- 
dition, while  chlorosis  is  but  a  temporary  and  easily  curable  disease  in 
the  great  majority  of  cases,  should  have  prevented  this  error.  Before 
we  can  accept  the  lessened  caliber  of  the  aorta  and  its  branches  as  the 
anatomic  cause  of  chlorosis,  new  and  abundant  material  must  be  fur- 
nished by  careful  and  coi'jperative  Mork  in  the  hospital  and  autopsy 
room.     Among  the  cases  of  Virchow,  as  well  as  among  those  published 
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by  other  authors  (Lewinski  ^''^),  there  are  some  which  can  not  be  classified 
as  chlorosis  without  considerable  hesitation.  From  previous  clinical 
and  anatomic  material  we  simply  know  that  a  lessened  caliber  of  the 
aorta  and  its  branches,  in  both  sexes — whether  it  be  congenital  or  ac- 
quired in  childhood — can  produce  a  diseased  condition  in  the  maturing 
body  which  resembles  chlorosis  to  a  certain  extent.  As  a  rule,  these 
individuals  are  backward  in  general  physical  growth,  and  particularly 
in  the  development  of  the  osseous  and  muscular  systems.  Arrested 
development  of  the  sexual  organs  is  found  more  frequently  in  girls  than 
in  boys,  a  fact  particularly  emphasized  by  Rokitansky.  Paleness  and 
transparency  of  the  skin,  delayed  menstruation,  palpitation,  and  dyspnea 
upon  physical  exertion,  and,  not  infrequently,  heart  nuirmurs,  help  to 
complete  the  resemblance  to  chlorosis.  No  less  confusing  is  the  cir- 
cumstance that  the  actual  symptoms  of  the  patient  first  develop  at 
puberty,  or,  at  least,  at  a  time  when  a  greater  amount  of  physical 
effort  is  demanded — consequently  during  the  period  of  life  in  which 
chlorosis  usually  becomes  manifest.  These  forms  of  anemia  and  of 
cardiac  and  muscular  weakness  are  indeed  incurable  and  persist  through- 
out many  years.  Many  die  in  their  youth  as  the  result  of  this  or  that 
pernicious  influence  upon  their  feeble  constitutions,  and  then  appear 
upon  the  post-mortem  table  as  "  chlorosis  with  a  lessened  caliber  of  the 
aorta  and  its  branches,"  while  others,  escaping  the  dangers  of  compli- 
cating diseases  and  of  overexertion  of  the  heart,  reach  a  mature  old  age 
in  spite  of  the  vascular  anomaly.  In  reference  to  the  fate  of  such 
individuals  we  would  direct  attention  to  the  excellent  descriptions  of 
the  results  of  vascular  hypoplasia  which  were  published  by  Frantzel.'"* 
At  this  place  the  author  wishes  to  cite  a  brief  description  of  an 
instructive  case : 

A  young  girl  had  been  in  perfect  health  until  fifteen  years  of  age,  hut 
even  as  a  child  she  had  been  of  slender  frame,  was  always  pale,  and  required 
more  than  ordinary  attention.  During  her  sixteenth  year  she  became  uncon- 
scious while  playing  tennis,  since  which  time  she  has  become  paler  and  sufi'ers 
frequently  from  palpitation.  The  menses  had  not  as  yet  made  their  appear- 
ance. She  was  given  a  great  deal  of  iron,  later  Roncegno  water,  and  was 
sent  to  chalybeate  baths  in  her  seventeenth  year.  There  was  no  improve- 
ment either  in  the  paleness  of  the  skin  or  in  the  tendency  to  paljntation  and 
dyspnea.  I  was  consulted  by  the  family  physician  to  decide  which  chaly- 
beate bath  was  indicated  for  this  obstinate  case  of  chlorosis.  Since  the  heart 
and  lungs  seemed  normal,  the  urine  always  free  from  albumin,  and  no  dele- 
terious influences  could  be  found  either  in  the  external  conditions  or  in  the 
habits  of  the  patient,  there  had  been  no  doubt  as  to  the  correctness  of  the 
diagnosis  of  "pure  chlorosis."  The  girl  was  tall  and  thin,  the  subcutaneous 
fat  was  well  developed,  as  might  have  been  ex))e<'ted  from  the  carefully 
selected  diet  of  the  patient ;  the  musculature,  on  the  contrary,  was  consider- 
ably below  normal.     The  skin  was  very  pale,  transparent,  and  had  a  cyan- 
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otic  tiuge  at  the  finger-tips  ;  the  nails  were  very  thin  and  brittle.  The 
breasts  were  poorly  developed  and  consisted  entirely  of  fatty  tissue,  no 
glandular  substance  being  palpable  ;  the  nipples  were  not  larger  than  those 
of  a  child  ten  years  of  age.  The  heart  was  enlarged  to  the  left  and  pre- 
sented a  strong,  heaving  apex-beat ;  the  dulness  extended  to  the  right  as  far 
as  the  middle  of  the  sternum.  In  addition  to  clear  tones,  a  systolic  murmur 
could  be  heard  all  over  the  heart,  being  particularly  loud  over  the  pulmonic 
cartilage.  With  the  head  erect,  no  murmurs  could  be  heard  in  the  veins 
of  the  neck.  The  right  radial  pulse  was  of  moderate  size,  the  left  was  con- 
siderably smaller.  Walking  rapidly  about  the  room  caused  the  pulse-rate 
to  increase  from  80  to  96  beats.  The  young  woman,  although  in  her  eight- 
eenth year,  had  not  yet  menstruated.  There  was  scarcely  any  indication 
of  pubic  hair  ;  the  external  genitals  reseml)led  those  of  a  child.  It  was 
plainly  to  be  seen  that  we  had  to  do  with  a  case  of  retarded  development, 
similar  to  those  described  by  Rokitansky,  and  not  with  a  case  of  true 
chlorosis.  When  the  author  examined  the  blood  upon  the  following  day, 
he  found  that  it  had  a  specific  gravity  of  1052  and  contained  4,900,000 
corpuscles  to  the  cubic  millimeter.  In  spite  of  the  extremely  anemic 
appearance  of  the  patient,  the  blood  did  not  correspond  in  the  slightest 
degree  to  that  of  chlorosis.  In  reference  to  the  further  progress  of  the 
case,  it  may  be  stated  that  the  girl  gained  some  strength  during  a  prolonged 
sojourn  at  the  seacoast,  but  that  after  the  lapse  of  two  years  and  in  spite  of 
repeated  courses  of  iron  she  has  remained  just  as  weakly  and  poorly  developed 
as  before. 

If  cases  like  the  one  just  described  are  grouped  with  chlorosis,  the 
theory  of  Vircbow  may  still  meet  with  further  confirmation.  From  a 
clinical  standpoint,  however,  we  must  regard  such  a  course  as  inad- 
missible. If  attention  is  directed  to  this  point  it  will  not  be  difficult  to 
separate  the  cases  of  true  chlorosis  from  those  of  retarded  development. 

If  we  admit  that  with  a  lessened  caliber  of  the  aorta  and  its  branches 
diseased  conditions  may  develop  which  resemble  those  of  true  chlorosis 
and  by  inaccurate  examinations  may  be  confused  with  it,  and  if  we 
further  state  that  individuals  with  vascular  hyj)oplasia  are  as  particu- 
larly predisposed  to  chlorosis  as  they  are  to  other  diseases,  and  if  we 
finally  recognize  that  congenital  deficiencies  of  the  hemato])oietic  organs 
are  not  rarely  combined  with  congenital  deficiencies  of  the  vascular 
apparatus  in  the  same  individual,  it  seems  to  the  author  that  the  clinical 
teaching  has  gone  as  far  as  it  dare  to  approach  the  one-sided  teaching 
of  the  pathologic  anatomist. 

We  will  leave  these  pathologic-anatomic  discussions  and  turn  our 
attention  to  the  pathologic  changes  in  the  circulatory  organs  which  are 
observed  during  life. 

THE  HEART. 

Palpitation. — Almost  all  chlorotics  complain  of  palpitation,  but 
the  nature  and  the  degree  of  the  palpitation  are  very  variable.     There 
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is  not  always  a  perfect  parallelism  between  the  palpitation  and  the 
anemia. 

The  most  frequent  form  of  palpitation  is  that  dependent  upon  phys- 
ical exertion.  It  is  not  present  during  rest,  but  makes  itself  manifest 
as  soon  as  rapid  or  prolonged  muscular  movements  are  carried  out  (in 
going  up  stairs,  for  example).  This  is  regularly  associated  with  accel- 
erated and  deeper  breathing.  If  the  pulse  and  heart  are  examined  at 
this  time  the  pulse-rate  is  found  to  be  increased  and  the  apex -beat  is 
more  powerful ;  it  is,  consequently,  not  a  simple  subjective  palpitation, 
such  as  is  so  frequently  complained  of  by  neurasthenic  and  hypochon- 
driacal patients  in  whom  no  corresponding  physical  signs  can  be  elicited. 
The  excited  action  of  the  heart  does  not  disappear  immediately  after  the 
completion  of  the  muscular  effort,  but  usually  remains  for  several  min- 
utes or  even  for  a  quarter  of  an  hour.  During  this  time  the  size  and 
frequency  of  the  pulse  vary  beneath  the  ])al})ating  finger  ;  true  arythmia 
is  very  rare,  and  there  are  usually  simply  periods  of  increased  and 
decreased  frequency  of  the  pulse-rate.  During  the  palpitation  the 
pulse-wave  is  large,  irregular,  and  dicrotic ;  more  rarely  it  is  small. 
The  form  of  palpitation  just  described  is  the  only  one  which  is  to  a 
certain  extent  proportionate  to  the  degree  of  anemia,  both  in  the  indi- 
vidual case  and  by  comparison  in  different  patients.  Although  the 
palpitation  is  present,  it  is  not  always  equally  disagreeable  to  the  patient. 
Some  chlorotics  pay  no  attention  to  it,  and  others  put  it  foremost  among 
their  complaints ;  many  feel  the  palpitation  only  when  they  have  time 
for  self-observation,  almost  forgetting  it  during  psychic  excitement  and 
when  the  attention  is  diverted.  It  consequently  often  happens  that  a 
chlorotic  girl  can  not  climb  a  flight  of  stairs  in  the  morning  without 
the  annoying  sensation  of  palpitation,  and  yet  she  can  dance  for  hourS 
in  the  evening  in  spite  of  it  and  never  give  it  a  thought. 

The  acceleration  and  accentuation  of  the  heart's  action,  as  well  as 
the  increased  rate  of  respiration,  are  natural  results  of  tiie  anemia. 
They  are  to  be  regarded  as  compensatory  factors  for  the  hemoghibin 
impoverishment  of  the  bh)od.  Blood  which  is  poor  in  hemoglobin 
can  not  take  up  as  much  oxygen  on  its  way  through  the  lungs  nor 
carry  as  much  oxygen  to  the  cells  of  the  body.  If  the  amount  of 
oxygen  required  is  momentarily  increased  by  muscular  exertion,  acces- 
sory forces  must  be  called  into  play  to  furnisli  the  necessary  (juanlity. 
These  forces  are  found  in  the  increased  work  on  the  part  of  tiic  hcni-t 
and  lungs,  and  they  work  together  so  that  the  blood  streams  through 
the  pulmonary  capillaries  more  rapidly  and  more  blood  comes  in  con- 
tact with  more  air  in  the  same  space  of  time.     These  are  consequently 
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useful  factors  which  equalize  the  difficulties  of  obtaining  oxygen  that 
are  due  to  the  quality  of  the  blood. 

In  addition  to  this  compensatory  palpitation,  as  it  were,  there  is 
frequently  a  second  form — nervous  palpitation — which  appears  with- 
out being  produced  by  physical  exertion.  It  is  by  no  means  always 
present,  but  is  characteristic  of  individual  cases,  mostly  affecting  ner- 
vous persons  and  those  with  neuropathic  tendencies.  This  palpitation 
occurs  usually  in  attacks  which  last  from  several  minutes  to  a  quarter 
of  an  hour  and  which  increase  the  pulse-rate  to  double  or  more.  In 
other  instances  it  is  of  shorter  duration,  only  a  fraction  of  a  minute, 
and  then  it  f)ccurs  at  more  frequent  intervals,  accompanying  the  change 
of  the  thoughts  or  of  the  sensations.  A  severe  palpitation  will  often 
be  complained  of,  when  an  objective  examination  will  reveal  no  actual 
acceleration  or  accentuation  of  the  heart's  action.  Nervous  palpitation 
may  be  accompanied  by  dyspnea,  but  this  is  never  so  pronounced  as  in 
the  compensatory  form,  although  the  sensation  of  oppression  and  lack 
of  air  is  sometimes  quite  decided. 

The  third  form  is  permanent  acceleration  of  the  heart's  action.  We 
have  encountered  this  symptom  most  frequently  in  very  acute  cases 
of  chlorosis  and  in  those  in  which  the  disease  was  quite  severe.  Whether 
we  examine  the  patient  erect  or  rocuml^ent,  awake  or  asleep,  we  always 
find  a  high  pulse-rate — 100—110  and  over.  The  pulse- wave  is  large 
and  abrupt.  In  these  cases  we  are  frequently  able  to  establish  the 
coexistence  of  other  symptoms,  which  indicate  a  complicating  rudimen- 
tary or  well-marked  Basedow's  disease — enlargement  of  the  thyroid 
gland,  inclination  to  perspiration,  tremors,  emaciation.  This  group  of 
symptoms  sometimes  accompanies  the  chlorosis  from  the  beginning  to 
the  end  or  it  becomes  temporarily  manifest  for  several  days  or  weeks  in 
the  course  of  the  disease. 

We  will  give  a  small  table  showing  the  frequency  of  the  pulse  in  214 
cases  of  chlorosis.  Those  figures  are  recorded  which  were  obtained  at 
the  height  of  the  disease  and  at  a  time  when  the  patients  were  quiet. 
The  examinations  were  regularly  made  twice  daily. 

The  pulse-rate  varied  between    60  and    70  in    3  cases. 


60 

" 

80  "  9 

70 

" 

80  "  27 

70 

(1 

90  "  24 

80 

« 

90  "  49 

80 

(1 

100  "  53 

90 

« 

100  "  14 

90 

n 

110  "  5 

100 

(( 

120  "  4 

«  «  «         UQ    «    120  "    6    " 

Attacks  of  tachycardia  with  a  pulse-rate  of  130  and  160  occurred  in  20  cases. 
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Cardiac  Murmurs  and  Cardiac  Dulness. — It  is  only  in  the 
milder  cases  that  an  examination  of  the  heart  gives  normal  results.  In 
the  more  marked  degrees  of  chlorosis  blowing  systolic  murmurs  are 
rarely  absent ;  though  of  less  frequent  occurrence,  we  often  find  the 
area  of  cardiac  dulness  enlarged.  There  is  neither  doubt  nor  discord  in 
reference  to  these  facts.  Since  the  earliest  days  of  auscultation  and 
percussion  they  have  been  constantly  observed  and  the  observation  may 
be  easily  confirmed  at  any  time. 

Opinions  diverge,  however,  in  reference  to  the  significance  of  these 
facts. 

The  explanation  of  these  murmurs  is  more  difficult  and  has  been 
the  subject  of  the  greater  discussion.  In  many  respects  they  resemble 
the  murmurs  of  mitral  insufficiency  ;  like  these  they  have  their  greatest 
intensity  over  the  apex  and  at  the  pulmonic  cartilage ;  the  first  sounds 
may  be  either  audible  or  inaudible.  Over  the  aortic  and  tricuspid 
valves  the  murmurs  are  usually  softer  or  entirely  absent.  There  are 
cases,  however,  in  which  they  are  heard  best  in  these  situations.  They 
sometimes  differentiate  themselves  from  the  murmurs  of  mitral  insuf- 
ficiency by  a  certain  tendency  to  variation  ;  they  are  not  always  of  the 
same  strength.  All  teachers  of  j)hysical  diagnosis  know  that  anemic 
murmurs  easily  heard  to-day  can  not  be  expected  to  occur  to-morrow. 
The  murmurs  may  disappear  with  the  chlorosis  or  they  may  remain  for 
some  after  recovery  from  the  disease.    Diastolic  anemic  murmurs  are  rare. 

The  frequency  of  the  murmurs  is  shown  by  the  following  compilation — 
Eichhorst  ^"^  (38  cases)  and  v.  Noorden  (197  cases)  : 

Eichhorst.  v.  Noorden. 

I.  Systolic  murmur  only  at  the  apex 5  times.  40  times. 

"  "  "  pulmonic 2     "  12      " 

"  "  "  tricuspid 2     "  —      " 

"  "  "  aortic —     "  1      " 

II.  Systolic  murmur  over  two  valves: 

Mitral  and  tricuspid 2     "  —      " 

Mitral  and  pulmonic 3     "  24      " 

Tricuspid  and  pulmonic 4     "  2      " 

Pulmonic  and  aortic 1     "  6      " 

Mitral  and  aortic         —     "  5      " 

III.  Systolic  murnmr  over  three  valves: 

Mitral,  tricuspid,  pulmonic 8  "  2  " 

Tricuspid,  pulmonic,  aortic 2  "  —  " 

Mitral,  pulmonic,  aortic —  "  23  " 

IV.  Systolic  nuirmur  over  four  valves 9  "  52  " 

V.    Clear  tones  in  all  situations ?  "  30  " 

The  murmurs  were  loudest — 

Eichhorst.  v.  Noorden. 

over  the  apex 9  times.  76  times. 

"        pulmonic       21     "  62      '" 

"        tricuspid 8     "  —      " 

"        aortic —     "  7      " 

not  stated —    "  22     " 
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Statistics  of  Barrs  :  ^^ 

Of  205  cases  of  chlorosis,  heart  murmurs  were  heard  in  115 

at  the  base  only 56  times. 

"      apex  "       13     " 

"      base  and  apex 24     " 

"         "     apex,  and  in  the  back 22     " 

Statistics  of  Coley  :  '«^ 

Of  4U0  cases  of  clilorosis,  all  had  murmui-s  at  the  pulmonic  cartilage.     Murmurs 
were  also  heai-d 

at  the  apex 278  times. 

"      angle  of  the  left  scapula 123     " 

The  great  number  of  hypotheses  exist  in  reference  to  the  systolic 
heart  murmurs  occurring  in  chlorosis.  I  will  mention  some  without 
considering  them  in  detail : 

As  a  result  of  insufficient  contraction  of  the  papillary  muscles,  the 
mitral  valves  are  not  held  tense,  so  that,  though  they  are  able  to  close, 
they  are  not  able  to  vibrate  regularly.  This  gives  rise  to  a  murmur 
instead  of  a  tone. 

As  a  result  of  relaxation  and  dilation  of  the  left  ventricle  and  of  the 
insufficient  contraction  of  the  papillary  muscles,  which  has  already  been 
mentioned,  the  mitral  valves  are  not  completely  closed  ;  a  certain  por- 
tion of  the  blood  regurgitates,  and  this  gives  rise  to  a  murmur,  just  as  in 
true  mitral  insufficiency. 

As  a  result  of  poor  nutrition  and  relaxation,  the  heart  muscle  does 
not  contract  as  powerfully  and  regularly  as  under  normal  conditions  ;  a 
muscular  murmur  then  takes  the  place  of  the  muscular  tone. 

As  a  result  of  relaxation  of  the  right  ventricle,  the  tricuspid  orifice 
is  enlarged  and  a  relative  tricuspid  insufficiency  is  produced.  The  sys- 
tolic anemic  murmurs  are  produced  in  this  manner. 

As  a  result  of  diminished  pressure  in  the  pulmonary  artery  and 
of  relaxation  of  its  wall,  there  is  no  marked  systolic  tension.  The 
insufficient  tension  of  the  arterial  wall  causes  it  to  vibrate,  giving  rise 
to  a  murmur  instead  of  a  toue. 

The  pressure  in  the  pulmonary  artery  is  so  low  that  the  semilunar 
valves  open  at  the  very  beginning  of  the  ventricular  systole — i.  e.,  at  a 
time  when  they  should  remain  closed.  The  opening,  however,  is  but  a 
slit,  and  a  stenotic  murmur  is  consequently  produced. 

I  could  give  a  still  larger  number  of  attempted  explanations.  If 
we  look  over  the  text-books  of  physical  diagnosis  we  find  that  scarcely 
two  authors  agree  in  their  explanations  of  anemic  cardiac  murmurs. 
The  special  works'"^  by  Sehrwald,  Bihler,  Neukirch,  Landerer,  F.  Rei- 
mers,  Geigel,  and  v.  Leube  may  also  be  consulted.  C-omplete  bibliog- 
raphies of  the  literature  are  found  in  the  monographs  of  Sehrwald  and 
Bihler. 
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Although  the  individual  explanations  may  be  ever  so  interesting, 
ingenious,  and  necessary  to  the  didactic  lecturer,  the  only  question  of 
actual  importance  is  whether  the  murmurs  are  indicativ^e  of  a  mitral 
insufficiency — i.  e.,  a  regurgitation  of  blood  from  the  left  ventricle  into 
the  left  auricle.  With  rare  exceptions,  all  the  standard  authors  answer 
this  question  in  the  negative.  From  the  origin  of  auscultation  to  the 
present  day,  it  has  repeatedly  been  noted  that  the  sequelae  which  regu- 
larly follow  a  mitral  insufficiency  do  not  make  their  appearance  in  the 
overwhelming  majority  of  cases  of  chlorosis  in  which  systolic  murmurs 
have  been  heard  over  the  heart.  In  a  disease  lasting  for  many  weeks 
or  months  the  sequelae  would  certainly  make  their  appearance  if  there 
existed  a  regurgitation  of  blood  with  its  damaging  effects  upon  the 
circulation. 

In  the  author's  opinion,  the  condition  of  affiiirs  is  as  follows  :  sys- 
tolic murmurs  in  a  chlorotic  individual  never  justify  the  diagnosis  of  a 
valvular  lesion,  whether  the  murmurs  are  loud  or  soft,  short  or  long, 
smooth  or  rough  ;  whether  they  are  heard  over  one,  two,  or  three  valves  ; 
whether  they  are  more  pronounced  at  the  apex  or  at  the  base ;  whether 
they  replace  or  accompany  the  first  tone ;  or  whether  they  are  change- 
able or  unchangeable.  If  we  diagnosticate  a  valvular  lesion  (particu- 
larly a  mitral  insufficiency)  in  a  chlorotic,  we  must  do  this  not  upon  the 
basis  of  the  murmur,  but — the  author  would  almost  say — in  spite  of  it. 
In  the  diagnosis  of  heart  disease  in  a  chlorotic  it  is  best  to  leave  the 
systolic  murmurs  completely  out  of  consideration. 

Mitral  insufficiency  surely  occurs  in  chlorotic  individuals,  but 
this  is  nevertheless  rare.  It  may  be  due  to  an  endocarditis ;  then 
we  have  to  do  with  a  complication  which  is  entirely  independent 
of  the  chlorosis,  the  two  affections  having  only  accidentally  attacked 
the  same  individual.  Chlorosis  itself  never  causes  endocarditis.  The 
only  form  of  mitral  insufficiency  that  may  be  dependent  upon  chlorosis 
is  the  so-called  relative  incompetency  of  the  valves,  which  arises  when 
there  is  marked  relaxation  and  dilation  of  the  left  ventricle.  It  is  easy 
to  diagnose,  for  the  heart  is  markedly  enlarged,  the  apex -beat  is  dis- 
placed downward  and  to  the  left,  and  the  pulmonic  second  sound  is 
very  loud.  We  must  avoid  diagnosing  a  cardiac  dilation,  iiowever. 
when  cardiac  displacement  is  all  that  is  manifest  (see  p.  394), 

The  signs  of  a  mitral  insufficiency  are  frequently  present  for  but  a 
short  time.     The  following  is  a  brief  description  of  such  a  case  : 

The  patient  was  a  well-lniilt  girl,  eighteen  years  of  age,  with  well-de- 
veloped breasts  and  normal  sexual  organs.  For  the  past  three  months  she 
had  suffered  from  chlorosis,  although  she  had  previously  enjoyed  perfect 
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health.  During  the  first  week  of  observation  loud  anemic  murmurs  were 
heard  over  the  heart,  the  area  of  cardiac  dulness  was  enlarged  upward  and 
to  the  right,  the  apex-beat  was  in  the  fourth  interspace  in  the  mammary 
line,  and  both  pulmonic  sounds  were  louder  than  the  corresponding  aortic 
ones.  During  the  second  week  of  observation  the  cardiac  dulness  increased 
somewhat  toward  the  right  and  considerably  toward  the  left ;  the  apex-beat 
advanced  I2  cm.  (i  in.)  outside  of  the  mammary  line  and  became  palpable 
in  the  fifth  intercostal  space.  The  soft  loug-tlrawu-out  murmurs,  which  had 
previously  been  heard  at  the  apex  and  over  the  third  rib,  were  replaced  by 
a  shorter  and  sharper  blowing  ;  the  second  pulmonic  sound  became  louder 
at  the  expense  of  the  first.  The  pulse-rate  increased  about  10-15  beats  a 
minute  (from  80-85  to  90-100).  After  about  ten  days  more  these  phe- 
nomena had  disappeared  and  the  old  state  of  aflTairs  had  returned.  Fre- 
quent examination  of  the  patient  after  she  had  recovered  from  the  chlorosis 
failed  to  reveal  the  slightest  abnormality  by  either  percussion  or  ausculta- 
tion. In  this  case  it  is  positive  that  a  temporary  or  so-called  functional 
mitral  insufficiency  had  occurred,  probably  as  a  result  of  dilation  of  the 
left  ventricle. 

From  these  and  other  observations  and  in  accord  with  Gerhardt, 
Leube,  Jiirgensen,  Eichhorst,  and  others,  the  fact  that  an  incompetency 
of  the  mitral  valves  may  develop  in  chlorosis  must  be  emphasized,  but 
this  is  nevertheless  very  exceptional.  The  usual  chun^^es  in  the  heart 
of  a  chlorotic  by  no  means  justify  the  diagnosis  of  a  mitral  insufficiency. 
Particular  caution  must  be  observed  if  the  diagnosis  is  based  upon  the 
extent  of  the  cardiac  dulness.  In  numerous  cases  of  chlorosis,  particu- 
larly when  the  patients  have  been  confined  to  bed  for  a  long  time,  the 
area  of  cardiac  dulness  is  enlarged  to  the  right,  to  the  middle  of  the 
sternum,  to  its  right  border,  or  even  beyond  it.  It  is,  however,  not 
correct  to  consider  this  extension  of  the  cardiac  dulness  as  a  sign  of 
cardiac  dilation,  because  an  exact  examination  shows  that  the  lower 
border  of  the  right  lung  is  higher  than  normal  and  that  the  cardiac 
dulness  begins  at  the  third  rib  or  in  the  third  intercostal  space.  In 
other  words,  the  heart  is  not  as  well  covered  by  the  lungs  as  is  normally 
the  case.  This  is  not  due  to  the  heart  pushing  the  lungs  to  one  side, 
but  to  the  fact  that  the  lungs  have  drawn  themselves  away  from  the 
heart — they  have  become  smaller.  The  retraction  of  the  borders  of  the 
lungs  is  doubtless  due  to  the  superficial  breathing  of  the  chlorotics. 
This  is  shown  by  the  fiict  that  breathing  exercises  cause  a  descent  of 
the  lower  borders  of  the  lungs  and  a  diminution  of  the  area  of  cardiac 
dulness  within  a  few  days.  A  frequent  phenomenon  of  auscultation  is 
also  rendered  intelligible  by  this  marked  retraction  of  the  lungs.  Not 
rarely  in  chlorosis  the  first  and  second  pulmonic  sounds  are  louder  than 
normal,  in  contradistinction  to  mitral  lesions  in  which  the  second  tone 
is  alone  accentuated.     This  phenomenon  in  chlorosis  is  explained  by 
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the  fact  that  the  retraction  of  the  air-containing  tissue  of  the  lungs  ex- 
poses the  pulmonary  artery  to  a  more  marked  degree  than  the  aorta, 
the  sounds  of  which  serve  as  a  comparison.  The  exposure  of  the  pul- 
monary conus  arteriosus  may  be  so  considerable  that  an  active  pulsation 
is  seen  and  felt  in  the  third,  and  even  in  the  second,  intercostal  space. 
This  retraction  of  the  pulmonary  borders  not  only  stimulates  a  dila- 
tion and  hypertrophy  of  the  right  ventricle,  but  also  an  enlargement  of 
the  left.  The  apex-beat  is  displaced  to  the  left  and — to  be  well  noted — 
not  downward,  but  upward.  In  cases  of  retraction  of  the  lungs,  the 
apex-beat  is  felt  in  the  fourth  instead  of  the  fifth  intercostal  space 
(v.  Noorden,*'^^  Fr.  Miiller  "'^).  The  topographic  relations  between  the 
heart,  lungs,  and  chest-wall  are  consequently  the  same  as  those  which 
have  long  been  recognized  as  the  consequence  of  a  high  position  of  the 
diapiiragm.  We  should  bear  in  mind  the  discussions  upon  enlargement 
of  the  heart  during  pregnancy.  It  is  not  unlikely  that  a  neglect  of 
these  topographic  relations  has  given  rise  to  the  teaching  that  chlorosis 
is  frequently  associated  with  a  dilation  of  the  left  ventricle.  Strange 
to  say,  most  of  the  earlier  authors  who  considered  the  variations  in  the 
area  of  cardiac  dulness  in  chlorosis  (Th.  Stark  ^^^  in  particular)  paid  no 
attention  to  the  retraction  of  the  lungs.  Th.  Jiirgensen,  alone,  long 
since  recognized  the  importance  of  this  pulmonary  retraction  for  the 
critical  examination  of  the  chlorotic  heart,  and  caused  his  views  to  be 
published  in  the  noteworthy  discussion  of  Th.  Loock.'^'-  The  subject 
has  been  taken  up  again  recently  and  worked  out  by  a  number  of 
authors  (Wallerstein,"^  Th.  Rethers,"*  Stintzing,"*  v.  Noorden,'"^  Fr. 
Muller  "'^). 

As  the  authors  were  about  to  send  this  manuscript  to  the  printer,  the 
work  by  E,  Grunmach,  in  reference  to  the  importance  of  the  Rontgen  rays 
in  internal  medicine  was  received.'  By  means  of  the  .r-rays,  Grunmach 
established  the  fact  that  in  4  chlorotics  the  heart  lay  with  its  entire 
transverse  diameter  upon  the  diaphragm,  which  was  unusually  high. 
The  heart  was  not  enlarged,  but  simply  displaced.  After  the  disappear- 
ance of  the  chlorosis  the  heart  restmied  its  normal  position.  The 
observations  of  Grunmach  furnish  the  most  brilliant  confirmatory  evi- 
dence that  in  chlorosis  the  heart  is  only  apparently  enlarged. 

Finally,  mention  must  be  made  of  the  rare  occurrence  of  diastolic 
cardiac  murmurs.  In  contrast  with  the  systolic  murmurs,  they  have 
their  seat  of  greatest  intensity  to  the  right  of  the  sternum,  over  the 
aorta.  They  consequently  simulate  an  aortic  insufficiency.  It  is,  how- 
ever, very  easy  to  exclude  these  murmurs  (Litten,"*  Dehio,"^  Duroziez,'" 
*  Therapeut.  Monalshefte,  1897,  No.  1. 
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Sehrwald/"^  Sabli  "^).  Eiohhorst  "^  alone  considers  the  possibility  of 
a  relative  functional  insufficiency  of  the  semilunar  valves.  Others, 
Sahli  in  particular,  say  that  the  murmur  is  transmitted  from  the  great 
veins  of  the  neck. 

Opinions  vary  greatly  in  reference  to  the  frequency  of  accidental 
diastolic  cardiac  murmurs.  Many  regard  them  as  extremely  rare ; 
V.  Leube,^"'*  for  example,  recently  stated  that  he  had  never  heard  such 
a  diastolic  anemic  murmur  over  the  heart.  In  180  clinical  histories  of 
the  Second  Medical  Clinic  in  Berlin,  the  accidental  diastolic  cardiac  mur- 
mur is  mentioned  7  times ;  3  of  these  cases  the  author  observed 
and  repeatedly  demonstrated  to  colleagues  and  students.  During  the 
last  three  years  he  has  heard  accidental  diastolic  murmurs  in  4  other 
chlorotics.  The  murmurs  were  always  loud  and  distinct,  and  their 
perception  required  no  great  amount  of  skill.  They  were  undoubtedly 
accidental  anemic  murmurs,  since  they  always  disappeared  when  the 
chlorosis  improved  and  because  no  other  signs  of  aortic  insufficiency 
could  be  discovered,  in  spite  of  careful  investigation.  The  most  forcible 
proof,  however,  was  furnished  by  a  small  experiment  that  has  been  suc- 
cessful in  the  last  6  cases  coming  under  the  author's  observation.  If 
pressure  is  made  upon  the  lower  portion  of  the  internal  jugular  vein, 
the  diastolic  cardiac  murmur  immediately  disappears.  This,  conse- 
quently, shows  the  correctness  of  Sahli's  explanation. 

According  to  the  author's  clinical  records,  diastolic  anemic  murmurs 
occur  only  in  severe  cases  of  anemia  ;  the  murmur  disappears  as  soon 
as  the  anemia  improves.  The  murmur  is  heard  loudest  just  below  the 
sternoclavicular  articulation  ;  further  downward  it  becomes  softer,  and 
then  attains  a  second  maximum  at  the  aortic  cartilage ;  from  this  point 
the  murmur  may  be  followed  to  the  middle  of  the  sternum  or  even  to 
its  lower  third.  To  the  left  of  the  sternum  the  nuirmur  is  audible  only 
at  the  third  costal  cartilage ;  it  is  rarely  heard  at  the  apex,  and  in  this 
situation  is  always  very  soft.  The  murmur  is  much  louder  when  the 
patient  sits  or  stands  than  when  she  is  recumbent. 

ARTERIES,  VEINS,  AND  CAPILLARIES. 
Angiospasm  and  Angioparesis. — In  the  section  upon  General 
Symptomatology  it  was  pointed  out  that  changes  in  the  vascular  tone 
are  extremely  common  in  chlorosis.  The  majority  of  the  consequent 
disturbances  are  trivial  and  unimportant.  They  consist  of  abru])t 
changes  in  the  sensations  of  heat  and  cold,  and  are  dependent  upon  the 
great  irritability  of  the  smaller  arteries  and  capillaries.  More  marked 
degrees  of  angiospasm  and  angioparesis  are  productive  of  much  discom- 
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fort  and  even  pain.  As  usual,  the  phenomena  are  more  marked  in  the 
peripheral  portions  of  the  body.  Among  these  symptoms  are  the  rapid 
chilling  of  the  feet,  of  the  fingers,  of  the  hands,  and  of  the  tip  of  the 
nose.  The  sensation  is  not  always  simply  one  of  cold,  hut  may  be 
combined  with  considerable  pain.  The  angiospasm  lasts  from  a  few- 
minutes  to  a  half-hour.  Sometimes  they  appear  whenever  the  cold  air 
strikes  the  bare  skin  ;  in  other  instances  they  show  a  certain  capricious- 
ness.  This  is  particularly  true  of  the  so-called  dying  finger  (digitus 
seraimortuus,  local  asphyxia),  which  repeats  itself  in  many  chlorotics 
for  weeks  and  months  at  a  time — often  at  the  same  hour  of  the  dav — 
although  every  exposure  to  cold  is  carefully  avoided.  The  opposite 
condition,  temporary  congestion  of  the  terminal  phalanges,  combined 
with  moderate  pain,  decreased  tactile  sensation,  and  paresthesias  in  the 
fingers,  is  rarer ;  these  conditions  are  to  be  attributed  to  the  so-called 
erythromelalgias  and  to  the  acroparesthesias  described  by  Fr.  Schulze. 
Of  230  chlorotics, 

71  complained  of  chilliness  of  the  hands  or  feet, 
10  suflPered  with  the  so-called  digitus  semimortuus, 

6  "  "    erythromelalgia,  and 

18  "  "    chilblains  of  the  feet  during  the  winter. 

The  Pulse. — There  is  nothing  typical  about  the  pulse  in  chlorosis, 
either  when  examined  with  the  palpating  finger  or  with  the  sphygmo- 
graph.  In  this  respect  we  agree  with  Hayem  ^"°  and  others.  We  find 
chlorotic  individuals  with  small,  with  normal,  and  with  large  pulse- 
waves.  In  the  great  majority  of  cases  of  pure  chlorosis,  particularly 
in  the  severe  forms,  we  have  encountered  a  large  soft  pulse  with  a  sug- 
gested or  well-marked  dicrotism.  Numerous  sphygmographic  examina- 
tions gave  the  same  result.  Many  of  the  sphygmograms  showed  the 
same  characteristics  as  the  pronounced  dicrotic  fever-pulse  :  considerable 
height,  steep  ascent,  acute  apex,  a  large  delayed  second  (so-called 
reflected)  wave,  and  absence  or  flattening  of  the  so-called  elastic  vibra- 
tions. Similar  sphygmograms  have  been  described  by  Lorain,'^'  Fr. 
Miiller  (Jacoby's  dissertation  *'*),  Eichhorst,'^-  and  others.  As  ]>reviously 
stated,  the  large  soft  pulse  with  a  tendency  to  dicrotism  is  not  present 
in  every  case  ;  according  to  the  author's  observations,  extending  over 
many  years,  it  is  most  frequently  found  in  the  early  stages  of  severe 
chlorosis,  particularly  in  girls  who  are  strong,  well  nourished,  and  fully 
developed. 

The  quality  of  the  pulse  just  described  indicates  that  the  resistance 
offered  to  the  blood  by  the  arterial  wall  is  abnormally  diminished,  or, 
in  other  words,  the  tension  of  the  arterial  wall  is  decreased.     It  con- 
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sequently  follows  that  other  phenomena  are  occasionally  observed  which 
result  from  diminished  arterial  tension  and  lessened  resistance. 

In  the  first  place,  the  occurrence  of  a  capillary  pulse  in  the  hypereraic 
skin  of  the  forehead  is  worthy  of  note  ;  the  author  could  repeatedly  demon- 
strate this  in  every  teaching  term,  in  the  courses  upon  physical  diagnosis 
(Rethers  "*).  More  rarely  the  pulsating  movements  pass  through  the 
capillaries  and  reach  the  veins.  This  was  first  observed  by  Quincke.'" 
Venous  pulsation,  when  present  at  all,  is  most  easily  recognized  in  the 
background  of  the  eye.  In  46  of  my  clinical  histories  there  are  accu- 
rate records  of  ophthalmoscopic  examinations ;  venous  pulsation  is 
mentioned  in  3  instances. 

A  double  sound  in  the  femoral  artery  also  owes  its  origin  to  the 
arterial  relaxation.  This  is  first  mentioned  in  Jacoby's  **  dissertation  ; 
the  text-books  on  physical  diagnosis  have  since  recognized  this  phenom- 
enon. From  personal  investigations,  the  double  sound  is  quite  common 
in  severe  cases ;  when  present  it  is  easily  perceived,  being  even  more 
readily  heard  by  beginners  than  the  double  sound  of  aortic  insufficiency. 
The  second  sound  is  separated  from  the  first  by  a  considerable  interval 
of  time,  which  is  longer  than  in  other  instances  of  double  sounds  in  the 
femoral  artery  (aortic  insufficiency,  lead  colic,  mitral  stenosis).  With 
the  aid  of  the  "  marking  method  "  of  Martins,  the  author  was  success- 
ful in  1  case  in  proving  that  the  first  sound  was  produced  by  the  primary 
wave,  and  that  the  second  sound  was  due  to  the  reflected  wave.  This 
is  not  the  case  in  aortic  insufficiency,  the  second  sound  in  this  instance 
being  dependent  upon  a  secondary  elevation  which  is  much  nearer  to 
the  primary  apex  of  the  curve  (Pribram  ^-*).  The  double  sound  in 
the  femoral  artery  in  chlorosis  has  the  same  significance  as  the  dicrotic 
pulse ;  they  both  show  that  the  arterial  tension  is  abnormally  decreased, 
and  that  the  reflected  wave  is  able  to  produce  a  marked  and  abrupt 
dilation  of  the  arterial  tube. 

Reference  has  been  made  to  vascular  sounds  and  murmurs  in  130  of 
our  clinical  histories.  The  double  sound  in  the  femoral  artery  is  men- 
tioned 21  times.  These  cases  were,  almost  without  exception,  severe, 
and  the  radial  pulse  was  usually  described  as  quick  and  dicrotic. 

Although  the  author  is  by  no  means  inclined  to  consider  so-called 
sphygmomanometry  as  anything  more  than  a  clinical  amusement,  it 
might  also  be  stated  that  measurements  of  the  blood-pressure  have 
furnislied  results  which  completely  agree  with  the  above  facts.  Bihler  "* 
found,  by  means  of  v.  Basch's  apparatus,  an  average  blood-pressure 
equal  to  77  mm.  of  mercury,  in  chlorotic  patients  upon  admission  to  the 
hospital ;  at  the  conclusion  of  the  treatment  the  average  pressure  was 
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86  mm.  His  apparatus  recorded  90-120  mm.  of  mercury  as  the  normal 
pressure  in  girls  of  the  same  age.  Euren  '^  seems  to  have  arrived  at 
similar  results. 

The  Veins. — Venous  Murmurs. — Of  the  pathologic  phenomena 
in  the  venous  system,  the  murmurs  have  claimed  the  greatest  amount 
of  consideration  (venous  hum,  bruit  du  diable).  The  venous  hum  is 
most  frequently  heard  over  the  internal  jugular  vein  at  the  root  of  the 
neck,  either  on  both  sides  or  only  on  the  right.  The  murmur  is  favored 
by  the  erect  position  ;  the  intensity  of  the  murmur  is  either  always  the 
same  or  it  increases  during  inspiration,  or  more  rarely  during  the  dias- 
tole of  the  heart.  Sometimes  a  similar  murmur  is  heard  over  the  fem- 
oral veins  also ;  in  all  the  cases  personally  examined  in  reference  to 
this  point  the  venous  hum  in  the  femoral  vein  disappeared  during 
standing. 

Venous  murmurs  were  first  encountered  in  anemic  individuals,  and 
formerly  we  simply  spoke  of  anemic  venous  murmurs.  The  expres- 
sion is  not  correct,  because  a  venous  hum  may  be  heard  in  the  jugular 
vein  in  many  other  patients  and  even  in  healthy  individuals.  In  these 
latter  instances,  however,  the  head  must  usually  be  turned  or  tilted  in 
order  to  make  the  murmur  perceptible.  In  anemic  individuals  and 
particularly  in  chlorotics  the  murmur  is  also  heard  when  the  head  is 
held  erect  and  when  a  pressure  which  could  cause  a  constriction  of  the 
jugular  vein  is  avoided.  When  this  acoustic  phenomenon  is  well  devel- 
oped there  is  a  corresponding  thrill  which  is  distinctly  perceptible  to 
palpation,  and  which  has  been  compared  to  a  stream  of  sand  flowing 
rapidly  beneath  the  finger. 

The  venous  hum  certainly  has  some  connection  with  the  fact  that 
at  the  lower  portion  of  the  internal  jugular  vein  the  blood  streams  out 
of  a  smaller  into  a  larger  vessel.  Similar  conditions  exist  in  the  femoral 
vein  just  below  Poupart's  ligament.  According  to  the  laws  governing 
the  movements  of  fluids,  the  murmur  must  arise  more  easily  when  the 
vein  contains  a  lessened  amount  of  blood,  since  the  difference  between 
the  transverse  diameters  of  the  vein  and  of  its  inferior  portion  is  then 
more  marked.  It  is  very  doubtful  if  this  condition  will  suffice  for  the 
explanation  of  the  particular  intensity  and  frequency  of  the  venous 
hum  in  chlorotic  individuals,  since,  so  far  as  we  arc  able  to  determine 
by  sight  and  touch,  the  veins  of  chlorotics  are  completely  filled  with 
fluid.  In  chlorosis  the  condition  is  one  of  oligochromemia  and  not  one 
of  oligemia.  Since  venous  murmurs  are  neither  so  loud  nor  so  frequent 
in  any  other  disease,  there  must  be  some  other  cooperative  cause  in 
chlorosis.     The  quality   of    the   blood    is   probably   a   favoring  factor, 
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since  thinner  and  lighter  blood  is  better  adapted  to  the  formation  of 
Avhirls. 

There  are  many  statistics  in  reference  to  the  frequency  of  the  venous 
hum  in  chlorosis,  but  all  are  not  equally  valual)le,  since  the  severity  of 
the  disease  and  the  position  of  tiic  head  during  auscultation  had  not 
always  been  considered.  The  author  has  made  brief  notes  upon  62 
cases,  wiiich  he  has  demonstrated  in  courses  upon  physical  diagnosis 
during  the  last  five  years.  Of  these,  49  are  designated  as  "  severe  cases 
of  pure  chlorosis "  ;  with  the  head  erect  and  the  patient  in  a  sitting 
posture  the  jugular  murmur  was  bilateral  26   times,  right-sided  alone 

19  times,  left-sided  alone  in  1  case,  in  3  instances  no  murmur  could  be 
heard,  and  in  4  a  venous  hum  was  present  over  the  femoral  veins. 
There  are  also  recorded  13  cases  as  "milder  cases  of  pure  chlorosis"  ; 
among  these  there  was  1  with  a  bilateral  jugular  murmur,  5  with  a 
right-sided  nuirmur,  but  none  with  a  venous  hum  in  the  femoral  vessels. 

In  130  out  of  250  clinical  records,  statements  in  reference  to  auscul- 
tation of  the  vessels  are  found.  The  venous  hum  in  the  neck  is  men- 
tioned 95  times,  and  in  12  instances  its  absence  is  expressly  emphasized. 
The  murmur  in  the  femoral  veins  was  present  14  times. 

The  following  statistics  may  also  be  quoted  : 

Eichhorst '"" :  Bilateral  venous  murmurs  in  the  neck  in  50  per  cent., 
unilateral  murmurs  in  25  per  cent,  of  all  cases  of  chlorosis. 

Richardson  ^-^  :  Right-sided  jugular  murmur  in  33  per  cent.,  left- 
sided  in  6  percent.,  and  bilateral  in  11  per  cent,  of  all  cases  of  chlorosis. 

Crook  ^^'^ :  Jugular  venous  nnirmurs  in  more  than  90  per  cent,  of 
all  cases  of  chlorosis  ;  present  in  6.95  per  cent,  of  healthy  women. 

[The  position  of  the  patient  is  of  some  importance.  Venous  mur- 
murs are  more  frequently  present  when  the  patient  is  in  an  upright 
position. — Ed.] 

Thromboses. — Far  more  important  than  the  venous  murmurs,  which 
have  scarcely  any  diagnostic  significance,  is  the  tendency  to  the  forma- 
tion of  thrombi  in  the  veins.  If  we  consider  the  unusual  frequency  of 
chlorosis  in  comparison  with  the  occurrence  of  thrombosis,  this  com- 
plication must  be  regarded  as  unusual.  But  when  we  remember  how 
rare  thrombosis  is  at  the  age  of  the  majority  of  chlorotic  patients — 
excluding  severe  cardiac  and  acute  infectious  diseases — it  becomes 
apparent  that  the  tendency  to  thrombosis  is  far  more  marked  in 
chloroties  than  in  other  girls  of  the  same  age,  whether  they  are  healthy 
or  affected  with  some  other  disease.  Trousseau  seems  to  have  been  the 
first  to  point  out  the  occurrence  of  this  complication  (Werner  '^^).    About 

20  cases  published  separately  were  collected  by  Proby,^^"  and  later  com- 
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bined  with  the  newer  statistics  of  Kockel.^^'  There  are  also  a  number 
of  cases  which  either  escaped  these  authors  or  appeared  after  their  pub- 
lications. Such  are  the  cases  of  Laache/^^  Tuckwell,  Hiils,  Eichhorst, 
V.  Noorden-Rethers,  B.  Kronig,  H.  Bergeat,  Villard,  LeSage,  H. 
Mildner,  Osswald,  J.  Loewenberg,  Hayem,  and  Guinot.  The  author 
does  not  claim  to  have  completely  quoted  the  literature,  but  the  number 
of  publications  bears  witness  to  the  fact  that  thrombosis  is  not  rare  in 
chlorosis.  The  number  still  remains  proportionately  large  if  we  regard 
some  cases  of  thrombosis  as  due  to  the  concomitant  complications  instead 
of  counting  them  as  true  chlorotic  thromboses — for  example,  Villard's 
case  complicated  with  influenza,  Mildner's  case  complicated  with  sup- 
purative pyelonephritis,  and  LeSage's  case  complicated  with  suppurative 
peri-o5phoritis. 

In  230  of  the  authors'  clinical  histories  thrombosis  of  the  veins  is 
recorded  5  times.  In  every  instance  the  thrombosis  was  located  in 
the  veins  of  the  lower  extremities.  These  veins  were  likewise  most 
frequently  affected  in  the  cases  previously  published  ;  the  veins  of 
the  arm  were  not  involved  as  often  as  the  brain  sinuses.  This  is 
always  a  grave  complication  and  is  followed  by  incalculable  danger. 
Gangrene  of  the  hand,  with  the  loss  of  several  fingers,  has  been  de- 
scribed by  Tuckwell,  and  Laurencin  '^'*  reported  a  fatal  case  from  embo- 
lism of  the  pulmonary  artery.  The  fatal  cases  are  much  more  fre- 
quently due  to  thrombosis  of  the  cerebral  sinuses.  The  great  danger 
of  thrombosis  is  shown  by  the  fact  that  the  majority  of  post-mortem 
records  of  cases  of  chlorosis  give  thrombosis  of  the  veins  or  its  sequelae 
as  the  cause  of  death  (Bollinger,  Kockel,  Proby,  LeSage,  Loewenberg). 

A  description  of  the  details  is  unnecessary,  since  the  thrombosis 
presents  no  variations  from  the  process  in  other  conditions.  Tlie  course 
and  termination  will  depend  upon  the  localization  of  the  thrombus 
(contrast  the  femoral  veins  with  the  brain  sinuses  !),  upon  the  nature  of 
the  thrombus,  and  upon  the  presence  or  absence  of  embolic  processes. 

In  some  instances  the  thrombus  has  undoubtedly  been  of  an  infectious 
nature  (Villard,  Mildner),  but  these  cases  were  complicated  by  infec- 
tious diseases  which  themselves  favored  the  development  of  infectious 
thrombi.  In  most  of  the  other  cases  it  is  expressly  emphasized  that 
the  thromboses  were  not  infectious,  the  proof  offered  being  partly  clini- 
cal and  partly  bacteriologic.  Proby  was  unable  to  demonstrate  bacteria 
in  4  of  his  cases,  and  J.  Loewenberg  had  a  similar  experience.  The 
author  once  punctured  a  thrombosed  saphenous  vein,  with  a  negative 
result  (microscopic  pre])aration  and  agar  plate).  In  spite  of  this,  he 
thinks  it  probable  that  micro-organisms  have  something  to  do  with 
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chlorotic  thrombi.  This  is  particularly  evidenced  by  the  fever,  which 
was  not  absent  in  any  of  the  3  cases.  Two  of  the  patients  had  tempo- 
rary elevations  of  temperature  during  the  first  few  days  of  the  throm- 
bosis ;  the  third,  in  whom  the  vein  was  punctured  upon  the  sixth 
febrile  day,  had  fever  of  a  remittent  type  for  ten  days,  which  several 
times  reached  40°  C.  (104°  F.).  Fever  is  also  recorded  in  numerous 
cases  by  other  authors. 

In  addition  to  the  supposition  of  a  bacterial  origin,  there  are  still 
other  hypotheses  in  reference  to  the  geneses  of  these  coagula.  Eich- 
horst^^' seeks  the  cause  in  changes  in  the  intima ;  Birch-Hi rschfeld '** 
and  Kockel  ^^'  believe  that  chlorotic  blood  has  a  greater  tendency  to 
coagulate,  and  they  associate  this  with  the  increased  number  of  blood- 
platelets  (see  p.  378).  Against  this  view  we  would  call  attention  to 
the  fact  that  chlorotic  blood  ordinarily  does  not  coagulate  rapidly  ;  on 
the  contrary,  we  have  been  surprised  at  the  slow  formation  of  the  coag- 
ulum  in  chlorotic  blood  withdrawn  from  a  vein.  It  is  true  we  did  not 
make  this  examination  in  cases  affected  with  thrombosis. 

There  is  much  that  is  not  clear  and  the  subject  requires  further 
investigation.  If  the  literature  of  the  subject  is  desired,  it  may  be 
found  in  the  works  of  Proby  and  of  J.  Loewenberg. 

[Leichtenstern  ^  has  studied  the  occurrence  of  venous  thrombosis  in 
1658  cases  of  chlorosis.  Thrombosis  positively  occurred  11  times, 
and  probably  in  mild  form  in  a  few  other  instances.  He  finds  86  cases 
referred  to  in  the  literature,  of  which  48  affected  the  lower  extremities 
and  29  the  cerebral  sinuses.  Among  52  affecting  the  lower  extremi- 
ties, pulmonary  embolism  occurred  in  10. — Ed.] 

Hdema. — If  we  compare  chlorosis  with  other  diseases  of  the  blood, 
the  occurrence  of  edema  in  chlorotic  individuals  seems  to  be  rather 
infrequent.  Marked  edemas  with  involvement  of  the  large  serous 
cavities  are  never  observed.  Fleeting  edemas,  on  the  contrary,  are  not 
so  uncommon.  The  most  frequent  form  is  the  edema  of  the  feet,  which 
occurs  in  chlorotics  w^ho  must  stand  a  great  deal,  such  as  servant  girls, 
cooks,  and  factory  hands.  The  swelling  comes  on  in  the  daytime,  to 
disappear  again  during  the  night.  It  is  only  in  exceptional  cases  that 
the  feet  are  still  swollen  in  the  morning.  Of  218  chlorotics  treated  in 
the  hospital,  24  (12  per  cent.)  had  edema  of  the  feet  upon  admission 
and  for  several  days  subsequently  ;  20  of  these  lost  their  edema  after  a 
few  days'  rest  in  bed,  and  remained  free  from  it  when  they  walked  about 
the  ward.  The  swelling  of  the  feet  lasted  a  long  time  in  but  4  patients. 
Edema  of  the  feet  is  much  rarer  among  private  patients  than  among 
1  Munch.  Med.   Woch.,  Nov.  28,  1899. 
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the  girls  and  women  who  are  treated  in  the  public  hospitals.  My  notes 
of  private  cases  show  that  about  6  per  cent,  are  aifected  in  this  manner. 
In  addition  to  edema  of  the  feet,  patients  with  pure  chlorosis  may 
rarely  present  a  slight  swelling  of  the  eyelids,  which  tends  to  be  more 
pronounced  in  the  morning  hours.  When  a  chlorotic  is  seen  with  such 
an  edema  of  the  eyelids,  a  suspicion  of  nephritis  is  at  once  awakened. 
This  suspicion  is  not  always  justified,  since  I  can  recall  several  cases  in 
which  the  repeated  daily  examination  never  resulted  in  the  discovery 
of  albumin. 

Less  known  and  less  considered  than  the  occasional  appearance  of 
fleeting  edemas  is  the  fact  that  many  chlorotics  collect  considerable 
quantities  of  water  in  their  tissues  without  the  production  of  visible  and 
palpable  circumscribed  edematous  swellings.  The  blood-plasma  may 
retain  its  normal  amount  of  water.  The  proof  of  the  accumulation  of 
water  in  the  tissues  is  based  upon  the  observation  that  many  chlorotics 
rapidly  lose  weight  and  excrete  large  quantities  of  urine  as  soon  as 
they  are  placed  upon  a  diet  that  is  proportionately  poor  in  water.  This 
point  is  of  therapeutic  interest  and  will  be  referred  to  later. 


THE   RESPIRATORY  ORGANS, 

FREQUENCY  OF   RESPIRATION. 

Repeated  reference  has  been  made  to  the  condition  of  the  respiratory 
organs  in  the  preceding  sections  and  all  the  essential  points  have  been 
considered.  I  would  recall  the  excited  breathing  and  the  sense  of 
dyspnea  and  oppression  which  follow  upon  muscular  exertion.  The 
breathing  may  frequently  be  accelerated  without  any  preceding  physical 
exertion. 

To  obtain  a  general  idea  of  the  frequency  of  respiration  in  chlorosis 
we  will  give  the  following  table,  which  is  based  upon  140  clinical  his- 
tories from  the  Second  Medical  Clinic  of  Berlin.  The  patients  were 
examined  twice  daily  for  many  weeks,  and  the  numbers  recorded  were 
those  most  frequently  observed. 

At  the  height  of  the  disease  the  average  number  of  respirations  in  a 
minute  was  in 


10  cases 

less  than    .    . 

...  20 

5  cases 

less  than    . 

.  24-30 

7    " 

.    .    .  18-22 

3    " 

» 

.  26-30 

8    " 

.    .    .  18-24 

1     " 

u 

.  26-32 

66    " 

.    .    .  20-25 

3     " 

11 

.  26-34 

17    " 

.    .    .  22-28 

1     " 

(( 

.  28-32 

12    " 

.    .    .  24-28 

7    " 

always  more 

than 

.  30 

Since  almost  all  the  observations  were  made  with  the  patients  in  bed, 
the  majority  of  these  figures  indicate  a  considerable  increase  above  tho 
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normal  respiratory  rate.  It  is  more  than  accidental  that  among  the  cases 
with  a  greatly  increased  respiratory  rate  there  were  many  that  presented 
the  previously  described  characteristics  of  a  high  position  of  the  dia- 
phragm. In  other  words,  the  breathing  was  both  accelerated  and 
superficial.  In  other  cases  these  qualities  were  not  associated — i.  e., 
the  respiratory  rate  was  normal,  although  the  borders  of  the  lung  were 
retracted.  The  diagnostic  significance  of  retraction  of  the  lungs  has 
been  considered  at  p.  394. 

HYSTERICAL  TACHYPNEA. 

In  rare  instances  tachypnea  may  occur  in  actual  attacks,  which  last 
for  hours  and  tend  to  recur  frequently.  They  are  comparable  to  the 
attack  of  paroxysmal  tachycardia,  and  are  sometimes  observed  to  alter- 
nate with  this  affection.  The  number  of  respirations  may  be  increased 
to  twice  or  three  times  the  normal  rate.  The  sensation  of  dyspnea  is, 
however,  wanting.  We  can  scarcely  regard  the  attacks  of  tachypnea  as 
a  phenomenon  intimately  associated  with  chlorosis ;  they  are  rather  one 
of  the  many  nervous  symptoms  which  naturally  make  their  appearance 
in  girls  predisposed  to  hysteria.  Upon  one  occasion,  after  a  chlorotic  had 
had  her  usual  attack  of  hysterical  tachypnea,  the  author  saw  all  the  chlo- 
rotics  (5)  and  several  other  girls  in  the  same  ward  seized  with  similar 
attacks.  This  was  a  marked  example  of  that  psychic  contagion  which 
is  so  frequently  observed  in  hospital  wards. 

Frequently  recurring  attacks  of  tachypnea  are  recorded  13  times 
in  230  clinical  histories.  The  respiratory  rate  was  usually  above  40 
and  sometimes  reached  50  and  60.  In  some  instances  the  paroxysms 
occurred  at  intervals  of  several  days ;  in  other  cases  they  occurred  in 
groups  for  two  or  three  days  and  then  disappeared  to  return  later.  In 
about  10  other  cases  the  number  of  respirations  varied  considerably 
(between  18  and  30),  so  that  they  could  not  be  considered  as  actual 
paroxysms  of  tachypnea. 

HYSTERICAL  APHONIA. 

The  author  once  saw  functional  aphonia  occur  in  much  the  same  man- 
ner as  that  just  mentioned  in  reference  to  tachypnea.  It  spread  from 
one  patient  to  many  inmates  of  tlie  ward,  and  attacked  many  chlorotics. 
A  functional  aphonia  which  rapidly  disappears  is  not  rare  in  chlorosis. 
In  but  3  instances  out  of  230  cases  was  this  symj^tom  of  long  duration, 
or  did  it  play  any  important  role  in  the  sym2)tomatology.  It  is 
not  a  phenomenon  peculiar  to  chlorosis,  but  it  is  associated  with  a  com- 
plicating predisposition  to  hysteria. 
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PULMONARY  TUBERCULOSIS. 

We  know  of  no  other  pathologic  disturbances  of  the  respiratory 
organs  which  are  dependent  upon  chlorosis  or  favorably  influenced  by 
the  disease.  Particular  emphasis  is  to  be  placed  upon  the  fact  that 
tubercular  aftections  of  the  luugs  and  bronchial  glands  in  young  people 
frequently  produce  a  condition  which  is  very  similar  to  the  clinical 
appearance  of  chlorosis  (chloro-anemie  tuberculeuse,  pseudochlorosis). 
We  are  not  yet  in  a  position  to  understand  why  the  very  beginning  of 
tubercular  infection  is  so  frequently  followed  by  anemia,  before  the 
other  general  symptoms  become  manifest ;  it  is  probably  due  to  the 
absorption  of  toxins  from  the  tubercular  areas,  which  retard  blood- 
formation  or  favor  blood-destruction.  At  the  present  time  the  generally 
accepted  idea  is  that  tuberculosis  is  the  primary  disease,  while  the  anemia 
is  a  secondary  affection.  This  is  in  opposition  to  the  old  view  formerly 
championed  by  Immermann,^  that  chlorosis  predisposes  to  pulmonary 
tuberculosis.  All  sorts  of  efforts  have  been  made  to  differentiate  true 
chlorosis  from  tubercular  pseudochlorosis.  The  separation  is  easy  if,  in 
addition  to  the  anemia  and  the  symptoms  immediately  dependent  upon 
it,  there  are  present  other  signs  which  are  indicative  of  tuberculosis. 
Among  these  signs  we  would  mention  :  Changes  at  the  apices  of  the  lungs, 
tubercle  bacilli  in  the  sputum,  fever,  considerable  emaciation  in  spite  of 
a  liberal  diet,  and  pronounced  tubercular  antecedents.  The  writer  can 
not  agree  with  those  authors  (Herard,  Cornil,  and  Hanot)  who  would 
diagnosticate  or  exclude  tuberculosis  from  the  particular  condition  of 
the  blood  or  from  a  special  grouping  of  the  symptoms.  Unless  the 
additional  symptoms  mentioned  above  are  present,  he  does  not  believe 
that  such  a  diagnosis  is  always  possible.  It  has  been  observed  that  in 
girls  with  concealed  tubercular  foci,  a  true  chlorosis  can  develop  inde- 
pendently of  the  tuberculosis  (Hayem  ^^^).  Upon  the  other  hand,  tuber- 
culosis may  sometimes  produce  a  condition  of  the  blood  and  a  group 
of  general  symptoms  that  can  not  be  differentiated  from  chlorosis  with- 
out a  grave  violation  of  the  clinical  evidence.  As  is  so  frequently  the 
case,  particularly  in  diseases  of  the  blood  (in  grave  or  pernicious  anemia, 
for  example),  the  contrast  is  not  to  be  found  in  the  symptomatology, 
but  in  the  etiology.  It  is  of  the  greatest  importance  to  consider  the 
etiology  and  to  endeavor  most  conscientiously  to  separate  tlie  cases  of 
genuine  chlorosis  from  those  conditions  which  present  the  symptom 
complex  of  chlorosis,  but  which  are  due  to  tubercular  intoxication. 
The  two  conditions  vary  widely  in  their  prognosis  and  therapeutics,  and 
the  author  regards  their  differential  diagnosis  as  one  of  the  most  difficult 
and  responsible  tasks  encountered  in  medical  practice. 
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THE  DIGESTIVE  ORGANS. 

SUBJECTIVE  DISTURBANCES.    NERVOUS  DYSPEPSIA. 

With  the  exception  of  the  cluiDges  in  the  blood,  no  other  system  of 
organs  so  frequently  presents  pathologic  phenomena  in  chlorosis  as  does 
the  digestive  apparatus.  Until  a  few  years  ago  the  subjective  disturb- 
ances demanded  the  greater  amount  of  attention. 

The  following  description  must  be  preceded  by  the  statement  that 
of  the  manifold  digestive  disturbances  of  chlorosis  there  is  not  a  single 
symptom  the  presence  of  which  may  be  definitely  expected  in  any  indi- 
vidual case.  Many  chlorotics  remain  free  from  digestive  troubles 
throughout  the  entire  course  of  the  disease ;  some  patients  have  tem- 
porary complaints  which  may  be  frequently  repeated,  but  which  are 
never  the  chief  source  of  annoyance ;  in  a  third  and  quite  large  group 
the  digestive  symptoms  play  the  chief  role  among  the  discomforts  of  the 
patient. 

At  this  place  a  few  statistics  might  be  quoted. 

Of  157  chlorotics,  dyspeptic  troubles  of  the  most  varied  nature, 
either  alone  or  in  association  with  other  symptoms,  formed  the  chief 
complaint  in  49  (31.2  per  cent.)  of  the  patients.  In  a  much  larger 
number  there  were  temporary  disturbances  of  the  gastric  and  intestinal 
functions,  but  these  did  not  form  an  essential  part  of  the  discomforts 
of  the  patient. 

The  frequency  of  individual  symptoms  was  as  follows  : 

Of  192  chlorotics,  75  (39  per  cent.)  complained  of  gastric  pain  ; 
30  (15.1  per  cent.)  were  troubled  by  vomiting  during  the  course  of  the 
disease. 

Of  216  chlorotics,  9  (4.1  per  cent.)  had  gastric  ulcers. 

Of  182  chlorotics,  68  (31.1  per  cent.)  suffered  from  constipation, 
9  (4.9  per  cent.)  had  diarrhea,  and  4  (2.2  percent.)  had  alternate  attacks 
of  constipation  and  diarrhea. 

Gastric  Pain. — Pain  is  the  most  troublesome  of  all  the  subjective 
disturbances  and  is  the  basis  of  the  most  frequent  complaint.  Abdominal 
pain  in  chlorosis,  which  is  correctly  or  incorrectly  designated  by  the 
patients  as  "  pain  in  the  stomach,"  is  due  to  different  causes.  It  is 
verv  important  to  determine  the  cause  of  the  pain  in  every  individual 
case,  because  it  is  usually  easy  to  relieve  it  when  the  actual  condition 
of  affairs  is  recognized. 

Tenderness  in  the  Epigastrium,  Just  Below  the  Xiphoid  Car- 
tilage.— This  pain  is  elicited  during   examination  when  the  finger  is 
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pressed  upon  the  spot  just  indicated ;  it  also  becomes  noticeable  when 
the  individual  bends  forward  so  that  the  corset  steels  are  pressed  against 
the  intercostal  angle.  This  variety  of  pain  has  no  diagnostic  import- 
ance ;  it  is  encountered  in  many  healthy  individuals  and  is  particularly 
frequent  in  very  excitable  nervous  women.  It  reveals  the  existence  of 
a  general  hyperesthesia  rather  than  the  presence  of  any  pathologic 
process  in  the  abdominal  cavity. 

Tenderness  and  Pain  Throughout  the  Entire  Gastric  Area. — 
This  annoying  symptom  is  usually  more  troublesome  after  eating  than 
when  the  stomach  is  empty  ;  even  in  the  latter  condition,  however,  it  is 
not  entirely  absent.  It  depends  upon  hyperesthesia  of  the  gastric 
nerves  and  does  not  allow  of  any  conclusion  in  reference  to  the  di- 
gestive process. 

Pain  After  Eating. — These  pains  may  vary  in  their  significance. 
Sometimes  they  are  the  result  of  hyperesthesia ;  in  other  instances 
they  are  due  to  the  hyperchlorhydria  of  the  gastric  juice,  which  is 
very  frequent  in  chlorosis.  Similar  pains  are  experienced  by  other 
individuals  who  suffer  from  an  excessive  secretion  of  hydrochloric 
acid.  In  a  third  and  much  smaller  group  of  patients  the  pains  are 
caused  by  a  gastric  ulcer.  In  all  cases  the  gastric  pains  are  largely 
dependent  upon  the  quality  of  the  food.  The  more  irritating  the 
mechanic  and  chemic  qualities  of  the  diet  and  the  more  abundant  the 
meal,  the  more  pronounced  will  be  the  annoyance.  Rest  after  eating, 
particularly  in  the  dorsal  position,  tends  to  lessen  the  severity  of  the 
pain.  If  a  gastric  ulcer  is  present  an  area  of  circumscribed  tenderness 
corresponding  to  the  location  of  the  ulcer  can  usually  be  found. 

Colicky  Pains  or  So-=called  Cardialgias. — These  frequently  end  in 
vomiting,  and  from  their  character  are  to  be  referred  to  spasmodic  con- 
tractions of  the  involuntary  musculature.  Some  of  these  attacks  are 
due  to  a  closure  of  the  pylorus  and  true  gastric  spasm.  They  may  be 
present,  although  no  other  objective  disturbance  of  the  stomach  may  be 
recognized.  They  more  frequently  occur  as  a  complication  of  gastric 
ulcer  or  of  gastric  atony.  During  the  attack  marked  peristaltic  move- 
ments may  sometimes  be  seen  and  felt  over  the  stomach.  The  abdomi- 
nal walls  are  usually  so  contracted,  however,  that  we  are  unable  to 
perceive  any  of  the  intra-abdominal  movements.  When  there  is  a  change 
in  the  shape  and  size  of  the  stomach,  it  sometimes  happens  that  the 
})ylorus  becomes  tomj)()rarily  bent  at  an  acute  angle  with  the  remaining 
]K)rtion  of  the  stomach  ;  spasmodic  contractions  then  occur  and  give 
rise  to  cardialgia.  It  very  frequently  happens  that  the  colicky  pains 
do  not  oriirinate  in  the  stomach  at  all,  but  in  the  transverse  colon. 
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The  colic  of  the  large  intestine  in  chlorosis  may  be  entirely  independent 
of  fecal  stasis  or  of  an  angulation  of  the  intestine.  The  author  has  re- 
peiitodly  observed  it  in  chlorotics  whose  ])o\vels  were  regularly  evacuated, 
in  whom  hard  fecal  masses  could  never  be  palpated  in  the  transverse 
and  descending  colons,  and  whose  abdominal  organs  were  normally 
situated.  During  the  attacks  the  transverse  colon  could  be  felt  as  a 
hard,  sensitive  cord,  which  rapidly  changed  its  consistence  beneath  the 
palpating  finger.  The  attacks  were  repeated  daily  for  some  time ;  in 
some  instances  they  ceased  gradually,  while  in  others  they  disappeared 
abruptly.  Warm  applications  during  the  attack  and  the  regular  admin- 
istration of  extract  of  belladonna  had  a  decidedly  favorable  eifect. 

From  the  statements  of  the  patient  it  is  scarcely  ever  possible  to 
ascertain  with  certainty  the  cause  of  the  attacks  of  pain.  This  can 
be  discovered  only  by  an  exact  investigation  which  can  not  be  carried 
out  in  the  physician's  office,  but  which  requires  careful  clinical  observa- 
tion. We  find  "  cardialgic  attacks"  recorded  17  times  in  250  cases  of 
chlorosis. 

Costalgia. — Tenderness  at  the  costal  margin,  usually  left-sided,  is 
quite  frequent  in  chlorosis.  It  is  usually  most  marked  at  the  end  of 
the  eleventh  rib  and  between  the  parasternal  and  mammary  line.  The 
author  must  completely  agree  with  O.  Rosenbach  when  he  refers  this 
variety  of  pain,  without  exception,  to  the  influence  of  the  corset.  Ten- 
derness of  the  costal  border  is  never  found  in  girls  who  are  sensibly 
dressed.  If  the  corset  pressure  is  marked  an  actual  periostitis  may  be 
produced,  which  makes  itself  manifest  by  the  thickening  of  the  peri- 
osteum. The  costal  pain  is  not  always  present.  It  is  not  felt  in  the 
erect  position,  in  spite  of  tight  corsets,  but  it  may  be  elicited  by  bending 
forward  or  to  one  side  ;  by  an  increase  of  the  intra-abdominal  pressure  ; 
by  overloading  the  stomach,  or  by  flatulence.  If  the  rib  affected  with 
periostitis  is  pressed  upon  the  patient  cries  out  with  pain.  The  most 
effective  therapy  is  the  substitution  of  a  well-fitting  corset  for  the  tight 
one.  In  a  few  days  the  tenderness  will  usually  diminish  and  then  gradu- 
ally disappear. 

Nervous  Dyspepsia — Craving  for  Acids. — Since  our  knowl- 
edge of  the  pathology  of  the  digestive  organs  has  been  so  greatly 
extended  during  the  last  twenty  years,  more  stress  has  been  laid  upon 
the  demonstration  of  objective  changes  in  chlorosis,  as  well  as  in  other 
diseases.  This  is  of  particular  importance,  since  it  is  quite  common 
for  obstinate  and  severe  digestive  symptoms  to  be  present  without  any 
recognizable  change  in  the  motor  or  chemic  functions  of  the  gastro- 
intestinal  tract.     In   view  of  the   disproportion   existing   between   the 
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subjective  and  objective  symptoms,  it  is  frequently  necessary  to  exclude 
actual  diseases  of  the  digestive  organs,  and  to  speak  of  "  nervous  dys- 
pepsia." In  chlorotics,  whose  nervous  systems  offer  such  manifold 
signs  of  pathologic  irritability,  we  should  naturally  expect  something  of 
this  kind.  As  a  matter  of  fact,  the  number  of  chlorotic  individuals  with 
pure  nervous  dyspepsia  is  not  small.  The  appetite  is  whimsical  or  lost, 
there  is  a  sensation  of  weight  in  the  epigastrium  after  eating,  which  may 
amount  to  actual  pain,  tenderness  in  the  lateral  abdominal  region,  and  a 
marked  desire  either  for  sour  foods  or  such  acid-neutralizing  substances 
as  chalk.  Conscientious  examination  and  long-continued  observation, 
however,  show  that  the  stomach  is  normal,  both  in  size  and  position  ; 
the  motor  power,  secretion  of  acids,  bowel  movements,  and  absorption 
of  nutritive  material  are  also  normal  in  every  respect.  If  much  atten- 
tion is  paid  to  these  complaints,  or  if  an  endeavor  is  made  to  elicit  all 
the  details  possible  in  reference  to  them,  we  run  the  risk  of  increasing 
the  difficulty,  as  is  the  case  in  many  hysteric  or  hypochondriac  indi- 
viduals. If  we  examine  the  patient  carefully,  and,  instead  of  consid- 
ering these  symptoms,  demand  an  incrcvased  amount  of  work  of  the 
stomach  and  intestines,  the  disturbances  often  disappear  in  a  short  time, 
and  not  a  symptom  remains  to  recall  their  previous  existence.  This  has 
been  the  repeated  experience  of  those  who  do  not  always  follow  the 
beaten  paths  in  the  treatment  of  gastric  troubles,  and  who  do  not  con- 
fine their  efforts  simply  to  limitations  of  the  diet  in  every  case  in  which 
there  is  a  disturbance  of  the  gastric  or  intestinal  activity.  Such  men 
have  become  convinced  that  the  functional  activity  of  the  digestive 
apparatus  suffers  much  less  in  chlorosis  than  the  exaggerated  warnings 
of  many  authors  would  lead  us  to  believe.  In  order  to  show  the 
incongruity  between  the  sensations  of  the  patient  and  the  actual  state 
of  affairs,  the  author  may  be  allowed  to  mention  some  investigations 
which  he  carried  out  in  patients  who  had  a  marked  craving  for  acids. 
Many  authors,  including  O.  Rosenbach,^^^  still  believe  that  the  desire 
for  acidulous  foods  (vinegar,  lemons)  in  chlorosis  is  an  infallible  symp- 
tom of  the  deficient  production  of  hydrochloric  acid.  In  6  chlorotics 
who  exhibited  this  craving  for  acids  to  a  marked  degree,  the  author 
washed  out  their  stomachs  repeatedly  and  found  in  all  cases  not  only 
normal,  but  even  surprisingly  large,  amounts  of  hydrochloric  acid  : 
(Hyperacidity,  minimum  0.28  per  cent.,  maximum  0.37  per  cent.  HCl  ; 
organic  acids  absent.)  Instead  of  acids,  the  last  2  patients  coming 
under  his  observation  were  given  small  amounts  of  calcium  carbonate 
at  frequent  intervals  throughout  the  day,  and  the  craving  for  acidulous 
substances  immediately  disappeared. 
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It  may  also  be  shown  that  in  many  other  respects  the  subjective 
symptoms  of  chlorosis  are  not  always  dependent  upon  definite  disturb- 
ances of  function.  In  some  cases  there  may  be  a  certain  hyperesthesia 
of  the  gastric  and  intestinal  nerves,  which  is  responsible  for  the  trans- 
mission of  exaggerated  sensations  to  the  cerebrum  (Rosenheim  ^^).  In 
other  instances  a  series  of  painful  and  tender  areas  may  be  found  which 
G.  Sticker  '^  has  recently  described  as  characteristic  of  hysteria. 

If,  in  accord  with  many  of  the  older  authors  and  fully  armed  with 
the  modern  technic  of  investigation,  the  author  should  claim  that  many 
chlorotics  have  subjective  digestive  disturbances  without  any  actual 
impairment  of  the  digestive  function,  he  must,  on  the  other  hand,  still 
more  sharply  emphasize  the  fact  that  actual  disturbances  of  the  diges- 
tive organs  are  observed  in  chlorosis,  and  that  it  is  still  doubtful  whether 
these  disturbances  simply  accompany  the  disease,  whether  they  are  the 
results  of  chlorosis,  or  even  whether  they  are  able  to  produce  the  affec- 
tion. 

THE  POSITION  OF  THE  ABDOMINAL  ORGANS-THE  CORSET. 

The  old  and  fruitless  struggle  of  physicians  against  the  unreasonable 
dress  of  women,  particularly  against  the  corset,  has  been  recently 
renewed  from  the  standpoint  that  a  constriction  of  the  lower  thoracic 
aperture  and  a  downward  displacement  of  the  abdominal  organs  lead 
to  chlorosis.  The  connection  between  cause  and  effect  has  been  ex- 
plained in  a  number  of  different  ways.  O.  Rosenbach  '^^  regards  the 
corset  as  an  actual  hindrance  to  respiration,  which  is  responsible  for  an 
insufficient  supply  of  oxygen  ;  the  lack  of  oxygen  is  the  cause  of  the 
destruction  of  hemoglobin  and  anemia.  The  further  observation  of 
Rosenbach,*  that  the  corset  compresses  the  stomach  and  hinders  the 
ingestion  of  sufficient  food,  is  more  correct.  Nevertheless,  this  is  not 
a  sufficient  explanation  for  the  origin  of  such  a  typical  disease  as 
chlorosis.  Deficient  nutrition  may  be  followed  by  disturbances  of 
growth,  emaciation,  and  anemia,  but  these  sequelae  by  no  means  resemble 
chlorosis. 

The  studies  of  Meinert ""  are  much  more  profound  and  worthy  of 
attention  than  are  Rosenbach's  aphorisms  concerning  the  relations 
between  the  corset  and  chlorosis.  At  the  Tenth  Congress  of  the  Pedi- 
atric Society  (Nuremberg,  1893),  Meinert  reported  the  results  of  inflat- 
ing the  stomachs  of  chlorotic  individuals.  The  inflation  was  accom- 
plished in  some  cases  by  the  insufflation  of  air,  and  in  others  by  the 
development  of  carbonic-acid  gas.  When  the  inflation  was  marked,  it 
was  found   that  both  the  upper  and  lower  boundaries  of  the  stomach 
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were  lower  than  normal.  From  the  numerous  illustrations  the  actual 
conditions  of  affairs  seems  to  have  been  a  downward  displacement  of 
the  pars  pylorica.  For  this  condition  Meinert  employs  the  term  adopted 
by  Glenard,  "  gastroptosis  "  ;  recently  the  word  "  gastrokateixia  " — 
displacement  of  the  stomach — has  been  suggested  (C.  A.  Meltzing  '^'). 
The  degree  of  the  gastric  displacement  was  quite  considerable  in  some 
cases ;  we  find  in  the  dissertation  just  mentioned,  as  well  as  in  the  later 
publications  of  the  same  author/^-  numerous  cases  in  which  the  greater 
curvature  of  the  stomach  extended  a  hand's  breadth  below  the  umbili- 
cus. Meinert  designates  the  constricting  effect  of  the  corset  as  the 
cause  of  the  gastroptosis.  Supposing  the  observations  to  be  correct, 
there  was  really  no  other  apparent  cause.  The  patients  were,  almost 
without  exception,  very  young  girls  at  the  age  of  puberty,  with  re- 
laxed abdominal  walls.  Meinert  expressly  states  that  in  his  practice  it 
was  frightful  to  observe  the  great  extent  of  the  popularity  of  tight- 
fitting  corsets  among  this  class  of  young  women.  The  further  train  of 
thought  which  Meinert  followed  concerning  the  causal  relations  between 
gastroptosis  and  chlorosis  is  worthy  of  note.  The  changed  position  of 
the  stomach  causes  a  tension  and  irritation  of  the  sympathetic  nerves — 
of  the  solar  plexus  particularly — which  control  the  distribution  of  blood 
and  the  formation  of  hemoglobin  in  the  spleen.  This  latter  organ  is  influ- 
enced by  the  damage  done  to  the  sympathetic  plexus,  and  anemia  is  con- 
sequently produced.  The  pathologic  irritation  of  the  sympathetic  plexus 
is  also  responsible  for  the  spontaneous  epigastric  pain,  which  is  increased 
by  pressure  and  which  is  so  frequently  complained  of  by  chlorotics. 
He  also  traces  such  symptoms  as  hyperhidrosis,  facial  acne,  and  sebor- 
rheal eczema  to  the  abnormal  irritation  of  the  abdominal  sympathetic. 
We  see  that  Meinert's  teaching  consists  of  two  parts,  which  are  to  be 
sharply  separated  :  The  first  part  is  composed  of  anatomic  facts  which 
demand  confirmation  on  account  of  their  im])ortance  ;  the  second  part 
is  made  up  of  hypotheses  and  theories  which  lead  us  through  obscure 
paths  and  constantly  require  fresh  hypotheses  for  their  support.  There 
has  been  no  lack  of  confirmatory,  as  well  as  of  contradictory,  reports. 
Among  those  agreeing  with  Meinert  we  find  the  work  of  J.  Boudou  "^ 
and  also  the  article  by  Ageron  •"  in  the  Fourteenth  Congress  for  Internal 
Medicine.  The  works  of  Martius-Meltzing,'^^  Leo-Briiggeman,"^  and  of 
A.  Huber  '*'^  vary  in  many  important  respects.  The  following  questions 
were  to  be  answered  : 

1.  Is  the  simultaneous  occurrence  of  chlorosis  and  gastroptosis  as 
common  as  Meinert  claims,  and  is  the  gastroptosis  so  much  more  com- 
mon in  chlorotics  than  in  other  young  non-chlorotic  individuals  of  both 
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sexes  that  we  may  assume  the  existence  of  an  intimate  connection 
between  chlorosis  and  gastroptosis  ? 

2.  Were  Meinert's  cases  actual  instances  of  gastroptosis,  or  are  the 
results  of  his  inflations  to  be  otherwise  explained  ? 

In  2  cases  of  pronounced  chlorosis  Huber  failed  to  find  "  any  indi- 
cation of  gastroptosis "  ;  no  statements  were  made  in  reference  to  his 
method  of  examination.  Martius  and  Meltzing  examined  the  stomach 
by  transmitted  light  and  found  that  "  the  transilluminated  stomach 
filled  with  water  had  the  same  boundaries  in  6  chlorotic  individuals 
that  it  had  in  4  non-chlorotic  women,  and  that  these  boundaries,  fur- 
thermore, agreed  with  those  which  had  previously  been  iound  in  healthy 
males."  Although  Meinert  ^^^  raised  the  objection  that  gastrodiaphany 
yielded  uncertain  and  deceptive  results,  Martius  '^^  was  successful  in 
showing  that  such  was  not  the  case.  In  other  instances,  Martius  and 
Meltzing  employed  the  method  of  Meinert  (inflation  of  the  stomach 
with  6  gm.  =  90  gr.  of  tartaric  acid,  and  8  gm.  =  120  gr.  of  sodium 
bicarbonate),  and  in  no  case  of  chlorosis  could  they  obtain  that  visible 
outline  of  the  lesser  curvature  which  Meinert  correctly  emphasized  as 
an  important  sign  of  gastroptosis.  Leo  and  Briiggemann  found  a 
downward  displacement  of  the  greater  curvature  after  marked  dilata- 
tion of  the  stomach,  but  usually  failed  to  observe  a  corresponding  de- 
scent of  the  lesser  curvature ;  they  consequently  do  not  recognize  gas- 
troptosis as  a  regular  concomitant  of  chlorosis.  We  can  add  some 
observations  of  our  own,  which  may  not  be  without  interest,  since  we 
have  paid  attention  to  this  question  since  Meinert's  first  publications. 
Within  three  years  we  have  been  able  to  examine  carefully  for  gas- 
troptosis only  6  chlorotics,  who  had  never  worn  corsets  and  whose  chests 
and  abdomens  showed  no  evidence  of  constricting  clothing.  In  none 
of  these  cases  was  gastroptosis  present  (method  :  marked  dilatation  with 
carbonic  acid  gas) ;  in  5  instances  the  greater  curvature  was  above  the 
umbilicus,  in  1  case  it  was  1  cm.  below,  and  the  lesser  curvature  was 
never  visible.  Judging  from  the  origin,  symptoms,  and  clinical  course, 
these  were  cases  of  true  chlorosis  ;  the  ages  of  the  patients  ranged 
between  fifteen  and  seventeen  years.  Of  these  individuals  2  were  fac- 
tory girls,  the  other  4  belonged  to  the  educated  classes.  We  have  also 
examined  a  number  of  chlorotics  who  were  accustomed  to  wear  more 
or  less  tight  corsets.  In  these  cases  we  have  sometimes  seen  a  consider- 
able descent  of  the  greater  curvature  and  the  simultaneous  appearance 
of  the  outline  of  the  lesser  curvature  ;  in  other  cases  this  was  not 
observed.  We  are  unable  to  quote  figures  in  reference  to  this  point, 
since  less  stress  was  laid  upon  the  records  of  these  cases. 
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As  matters  stand  at  the  present  time,  Meinert's  teaching — that  gas- 
troptosis  is  to  be  observed  iu  all  cases  of  chlorosis — can  not  be  main- 
tained. We  fully  recognize  the  correctness  of  Meinert's  observations, 
but  we  also  require  him  to  admit  that  he  is  not  the  only  one  to  decide 
whether  gastroptosis  is  present  or  absent,  and  that  he  should  consider 
the  negative  results  of  other  expert  observers  as  well  as  his  own  posi- 
tive ones.  Earnest  investigators  who  have  made  a  profound  study  of 
the  pathology  of  the  digestive  organs  certainly  can  not  be  reproached 
with  the  fact  that  they  are  unable  to  recognize  a  gastroptosis.  Small 
degrees  are  always  difficult  to  establish,  but  marked  degrees  of  gastrop- 
tosis, such  as  Meinert  found  in  his  patients,  give  a  characteristic  picture 
to  the  expert  which  excludes  all  errors — it  matters  not  whether  this  or 
that  deviation  from  the  ordinary  methods  of  examination  has  been 
employed.  The  cause  of  the  contradiction  may  be  found,  first  of  all, 
in  differences  in  the  material  coming  under  observation.  It  would 
seem  that  early  tight-lacing  is  the  rule  in  Meinert's  vicinity,  and  if  this 
is  true  it  is  natural  that  he  would  very  frequently  observe  changes  in 
the  position  of  the  abdominal  organs.  In  this  case,  however,  all  the 
more  caution  should  be  observed  in  reaching  a  conclusion.  Meinert 
makes  one  statement,  of  the  greatest  importance,  which  he  does  not 
seem  sufficiently  to  have  considered.  He  says  that  of  400  women  over 
thirty  years  of  age  with  gastroptosis,  only  one-half  had  been  chlorotic. 
Meinert  helps  himself  over  this  fact  by  the  additional  hypothesis  that 
gastroptosis  alone  does  not  produce  chlorosis,  but  that  there  must  be,  in 
addition,  a  pathologic  irritation  of  the  sympathetic  nerves  ("  gastroptic 
crises  ").  Others,  who  think  more  cautiously  than  the  creator  of  the 
new  theory,  would  be  more  likely  to  look  upon  this  ratio  as  a  warning 
against  the  causal  coml)ination  of  the  two  diseases.  In  the  writer's 
opinion  a  final  decision  can  be  made  only  in  those  countries  where 
artificial  change  of  the  position  of  the  stomach  is  more  rare.  Meinert 
correctly  appreciates  the  value  of  such  proof,  and  quotes  opinions  from 
foreign  countries  in  which  the  bad  habit  of  lacing  does  not  exist  and  in 
which  chlorosis  is  said  to  be  rare.  Such  evidence  without  a  profound 
study  ^f  all  the  conditions  of  life  is,  however,  without  value.  In  the 
meantime,  the  observation  of  the  conditions  existing  in  our  own  country 
is  of  more  importance.  For  some  time  past  there  has  been  a  strong 
feeling  against  young  girls  wearing  constric^ting  corsets.  There  are 
already  numerous  educated  women  who  devote  a  great  deal  of  attention 
to  the  proper  clothing  of  their  daughters,  and  who  provide  them  with 
soft  yielding  corsets,  which  are  supported  from  the  shoulders,  and  which 
fulfill  their  purpose  of  holding  up  the  breasts  without  constricting  the 
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abdomen.  This  movement  will  spread,  and  it  is  to  be  hoped  that  the 
social  influence  of  tiiese  women  will  accomplish  more  than  have  the  warn- 
ings of  physicians  for  a  number  of  centuries.  In  our  own  circle  of 
activity  we  have  very  often  encountered  this  reform  in  reference  to  the 
clothing  of  young  girls,  and  yet  we  found  that  many  of  these  sensibly 
clothed  individuals  had  not  escaped  chlorosis. 

From  the  publications  upon  the  subject  and  from  our  personal  ex- 
perience, we  would  conclude  that  changes  in  position  of  the  abdominal 
organs,  particularly  of  the  stomach,  are  just  as  frequent  among  the 
chlorotics  as  they  are  among  the  other  women  who  are  injudiciously 
dressed  ;  that  sometimes  even  quite  marked  degrees  of  artificial  de- 
formities maybe  observed,  but  that  a  genetic  connection  between  the 
changed  positions  of  the  organs  and  chlorosis  is  very  unlikely. 

GASTRIC  ATONY-GASTRIC  DILATATION. 

The  surprising  results  of  Meinert  have  also  been  subjected  to  another 
interpretation.  Leo,'**  who  has  studied  this  question  most  profoundly, 
admits  that  a  downward  or  transverse  position  of  the  stomach  is  encoun- 
tered in  girls  who  have  laced,  and  also  confirms  the  frequent  downward 
displacement  of  the  lower  gastric  border  (after  dilatation,  reaching  just 
below  the  navel,  or  at  most  about  f  finger-breadths  lower).  He,  how- 
ever, considers  the  actual  cause  of  this  displacement  to  be  a  pathologic 
yielding  and  extensibility  of  the  gastric  wall,  a  condition  which  we  can 
designate  as  atony.  Such  a  conception  was  first  held  by  Pentzoldt,***' 
who  traced  the  gastric  disturbances  of  chlorotics  to  a  supposed  dilata- 
tion of  the  stomach.  Since  the  difference  between  gastric  atony  and 
gastric  dilatation  is  only  one  of  degree,  we  will  consider  them  both  to- 
gether. 

The  frequent  occurrence  of  gjistric  relaxation  is  most  sharply  empha- 
sized by  French  authors.  C.  Bouchard  '^"  states  that  he  has  found  a 
more  or  less  pronounced  dilatation  of  the  stomach  in  80  per  cent,  of 
all  cases  of  chlorosis.  Couturier,'^'  one  of  Bouchard's  pupils,  expresses 
himself  in  a  similar  manner ;  he  thinks  that  chlorosis  may  arise  in  con- 
sequence of  a  dilatation  of  the  stomach,  and  that,  on  the  other  hand, 
chlorosis  can  itself  be  the  cause  of  gastric  dilatation. 

Hayem  '^^  demonstrated  gastric  dilatation  27  times  in  37  patients. 
In  24  cases  the  dilatation  was  slight ;  in  3  instances  it  was  extreme. 
Symons  Eccles  '*'  scarcely  ever  missed  it  in  chlorotic  individuals. 
Among  the  German  authors,  Neusser  '^*  and  A.  Pick  '^^  profess  the  same 
opinion. 

Unfortunately,  all  publications  do  not  give  convincing  evidence  of 
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the  correctness  of  the  diagnosis  of  gastric  dilatation.  The  objection  to 
the  publications  of  Bouchard  and  of  Hayem  is  that  they  laid  altogether 
too  much  weight  upon  the  presence  of  succussion  splashes  in  the 
stomach.  It  is  only  in  rare  instances  that  these  are  sufficient  to  verify 
the  diagnosis.  Somewhat  more  confidence  may  be  placed  in  the  results 
obtained  by  inflation  of  the  stomach.  An  unusually  marked  degree  of 
dilatability,  such  as  those  found  by  Meinert  and  Leo,  at  least  demon- 
strates a  lessened  resistance  of  the  gastric  walls  to  pressure  from  within, 
and  justifies,  to  a  certain  extent,  the  diagnosis  of  atony.  Even  here  we 
are  exposed  to  many  sources  of  error,  since  the  size  and  shape  of  the 
stomach  are  subject  to  individual  variations.  The  inflation  method 
does  not  prevent  the  confusion  of  mild  degrees  of  atony  with  mild  de- 
grees of  gastroptosis.  It  is,  furthermore,  to  be  considered  that  a 
stomach  can  be  abnormally  distended  by  the  development  of  carbonic 
acid  gas  and,  nevertheless,  be  able  to  meet  all  the  natural  demands 
which  are  made  upon  its  motor  power  by  the  ingestion  of  food.  For 
the  clinical  decision  as  to  whether  gastric  atony  and  dilatation  with 
motor  insufficiency  are  present  or  not,  the  results  of  the  inflation  method 
are  to  be  employed  only  with  caution.  This  question  can  be  decided 
only  by  determining  whether  or  not  the  stomach  empties  itself  of  its 
contents  within  a  time  which  is  to  be  considered  as  normal.  This 
normal  period,  as  is  well  known,  varies  according  to  the  nature  and 
amount  of  the  food  ingested,  but  by  observing  the  same  experimental 
conditions  a  constant  standard  is  obtained.  If  criteria  such  as  these 
were  employed,  the  number  of  diagnoses  of  gastric  atony  in  chlorosis 
would  be  materially  reduced.  Riegel,  who  has  studied  the  gastric  dis- 
turbances in  chlorotics  more  profoundly  than  other  German  authors, 
had  his  assistant,  K.  Osswald,'^^  write :  "  The  mot(jr  power  of  the 
stomach  was  always  very  good  ;  in  many  cases  it  was  necessary  to  re- 
move the  gastric  contents  within  four  hours  after  the  ingestion  of  the 
test-meal,  since  the  stomach  was  entirely  empty  after  five  hours."  I.  A. 
Hoffinan  '-^  says  :  "  The  French  report  very  considerable  digestive  dis- 
turbances, and  even  state  that  gastric  dilatation  is  common  in  chlo- 
rotics; in  our  country  I  have  never  seen  a  true  gastric  dilatation  in 
chlorosis."  From  the  author's  observations,  which,  similarly  to  those 
of  Riegel,  were  based  upon  the  determination  of  the  period  of  digestion, 
he  is  forced  to  take  an  intermediate  position.  In  the  course  of  the  last 
ten  years  he  has  washed  out  the  stomachs  of  more  tluui  100  chlorotics, 
sometimes  after  a  test-breakfast,  and  sometimes  after  a  hearty  meal  of 
meat.  In  but  11  ])atieiits  did  the  stomach  retain  the  food  loiig(>r  than 
normal ;  in  the  great  majority  of  the  cases  the  stomach  emptied  itself 
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just  as  quickly  or  even  more  quickly  than  in  healthy  individuals.  lu 
6  of  the  11  cases  just  referred  to,  the  anamneses  stated  that  the  indi- 
viduals had  had  gastric  disturbances  since  their  early  childhood. 

When  the  differences  of  opinion  are  so  great  about  what  is  a  com- 
paratively simple  question,  the  explanation  of  these  differences  must 
be  sought  in  different  conceptions  of  the  terms  "  gastric  atony,  gastric 
dilatation,"  and  in  differences  in  the  methods  of  examination.  The 
diagnoses  of  the  French  authors  rest  for  the  most  part  upon  the  nature 
of  the  succussion  splash  ;  we  agree  with  their  statements  that  this  sound 
may  be  obtained  more  easily  and  for  a  longer  period  after  meals  in 
chlorotics  than  in  healthy  women  with  rigid  abdominal  walls,  but  we 
do  not  agree  with  them  in  their  interpretation  of  this  phenomenon. 
The  succussion  splash  is  hard  to  obtain  in  healthy  individuals  with 
rigid  abdominal  walls  unless  nothing  but  liquids  has  just  been  ingested. 
If  the  sound  is  readily  obtained  after  a  solid  or  a  semisolid  meal,  there 
are  several  possibilities  : 

1.  Downward  displacement  of  the  stomach — frequently  present  in 
chlorotics,  as  in  other  young  girls  who  wear  tight  corsets, 

2.  Abnormal  relaxation  of  the  gastric  walls,  so  that  they  do  not 
contract  so  firmly  about  the  gastric  contents ;  they  evade  the  percussing 
stroke  and  allow  of  a  more  marked  agitation  of  the  gastric  contents. 
This  is  frequently  the  cause  for  the  readiness  with  which  the  succussion 
splash  may  be  obtained  in  chlorosis. 

3.  Abnormal  liquefaction  of  the  contents,  whereby  the  bubbling  of 
the  fluid  is  more  easily  produced  by  percussion  of  the  abdominal  wall. 
Tiiose  who  have  washed  out  many  chlorotic  stomachs  will  be  able  to 
confirm  the  statement  that  the  gastric  contents  are  frequently  of  an 
almost  watery  consistence.  If  the  stomach  is  washed  out  a  half-hour 
after  the  test-breakfast,  more  fluid  is  frequently  obtained  than  would 
correspond  to  the  volume  of  the  test-meal.  At  the  same  time  the  gas- 
tric juice  gives  a  very  marked  reaction  for  hydrochloric  acid.  The 
significance  of  this  is  clear — the  secretion  not  only  contains  an  excess 
of  acid,  but  it  is  also  increased  in  amount  (supersecretion).  If  we  de- 
pend upon  the  results  of  palpation  in  these  cases,  which,  in  the  author's 
o])inion,  are  not  so  very  infrequent,  we  are  very  likely  to  regard  them 
as  instances  of  atony  or  even  of  dilatation. 

He  considers  it  necessary  to  emphasize  the  fact  that  the  motor  func- 
tion of  the  stomach  is  well  maintained  in  most  cases  of  chlorosis,  for 
this  point  has  a  most  important  bearing  upon  the  treatment.  For  a 
stomach  with  motor  insufficiency  quite  a  different  line  of  dietetic  meas- 
ures is  to  be  carried  out  than  would  be  observed  in  the  treatment  of  a 
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stomach  Mith  a  normal  capacity  for  work.  He  has  frequently  had  an 
opportunity  to  observe  how  much  the  teaching  of  gastric  dilatation  in 
chlorosis  has  influenced  the  therapeutics  of  the  physician.  He  has  seen 
several  young  French  girls  who,  on  account  of  a  supposed  gastric  dila- 
tation, had  been  placed  upon  a  very  rigid  diet  by  their  Parisian  physi- 
cians ;  as  a  result  the  chlorosis  was  combined  with  a  marked  degree  of 
emaciation.  In  none  of  these  cases  could  he  be  convinced  of  the  exist- 
ence of  a  true  dilatation,  or  motor  insufficiency,  and  had  the  satisfaction 
of  seeing  the  young  women  rapidly  recover  when  placed  upon  an 
abundant  diet. 

THE  SECRETION  OF  HYDROCHLORIC  ACID. 

Manassein  ^^'^  found  a  decreased  production  of  hydrochloric  acid  in 
the  stomachs  of  anemic  animals  (after  venesection).  It  is  characteristic 
of  a  certain  trend  in  medicine  that  the  results  of  this  investigation  upon 
animals  have  been  introduced  into  human  pathology  without  further 
criticism.  Upon  it  was  based  a  new  treatment — the  administration  of 
hydrochloric  acid  (Zander  ").  The  author  can  still  remember,  from  his 
student  days,  how  the  clinical  teacher  would  refer  to  the  experiments 
of  Manassein,  and  discuss  the  question  as  to  whether  chlorotics  should 
be  given  iron  at  once,  or  whether  it  was  not  better  to  precede  the 
administration  of  iron  with  large  doses  of  hydrochloric  acid.  Even  at 
the  present  time  there  is  a  periodic  revival  of  the  praises  of  hydro- 
chloric acid  and  of  its  unconditional  administration  in  chlorosis  (O. 
Eosenbach,^-'*  Edlefsen,!^^  K.  Mordhorst '''').  The  old  experiments  of 
Manassein  are  always  referred  to — an  unusual  glorification  of  animal 
experimentation  and  a  still  more  unusual  misconception  of  clinical  facts. 
The  teaching  of  a  lack  of  hydrochloric  acid  has  also  played  an  important 
role  in  the  theories  of  the  origin  of  chlorosis.  The  much-quoted  and 
highly  valued  hypotheses  of  Bunge,^*'^  which  are  sometimes  regarded  as 
dogmas,  are  based  upon  such  an  assumption. 

Riegel  '^^  was  the  first  to  disregard  experiments  upon  animals  in 
this  connection,  and  to  carry  out  clinical  investigations  in  ciilorotic  indi- 
viduals. In  his  first  report  he  referred  to  3  cases,  in  all  of  which  the 
gastric  contents  gave  a  marked  reaction  for  free  hydrochloric  acid  ;  the 
acidity  varied  in  the  first  case  between  0.22  and  0.26  per  cent,,  in  the 
second  case  between  0.23  and  0.30  per  cent.,  and  in  the  third  case 
between  0.38  and  0.46  per  cent.  These  increased  amounts  are  striking. 
Two  works  apjicared  later,  from  Riegel's  clinic,  which  siipj)()rted  his 
first  i)ublications  by  showing  tliat  marked  and  even  maximum  degrees 
of  acidity  (due  to  a  marked  excess  of  free  hydrochloric  acid)  are  not 
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the  exception,  but  the  rule  (Griine, '"  Osswald  ^^-).  Griine  reported  19, 
and  Osswald  21  cases.  In  some  instances  there  was  as  much  as  0.58 
per  cent,  of  hydrochloric  acid  present.  The  authors  never  encountered 
pathologic  diminutions  of  ])roductic>n  of  hydrochloric  acid,  not  even  in 
cases  which  were  associated  with  pronounced  dyspeptic  symptoms. 

Other  investigators  have  tried  to  solve  this  question,  not  always 
with  the  same  result.  Leube's  clinic  furnished  a  report  of  30  cases  of 
chlorosis  (Schiitzel  '''') :  hydrochloric  acid  was  diminished  in  2,  normal 
in  6,  and  increased  in  22.  This  publication,  practically  agreeing  with 
the  teaching  of  Riegel,  is  the  more  worthy  of  note,  since  an  earlier 
article  from  the  same  clinic  (Ritter  and  Hirsch  ^■'^),  based  upon  only  2 
cases,  had  expressed  an  oj)posite  opinion.  The  author  had  Rethers^^^ 
publish  a  small  series  of  statistics.  Of  20  cases  of  pia-e  chlorosis,  8 
had  acidities  above  normal  (0.29—0.38  per  cent.),  with  marked  reactions 
for  free  hydrochloric  acid,  in  7  cases  the  acidities  varied  within  normal 
limits  (0.12-0.28  per  cent.),  and  in  5  instances  free  hydrochloric  acid 
was  not  found,  in  spite  of  frequent  examination  ;  in  the  meantime  10 
more  cases  came  under  observation,  8  with  hyperacidity,  2  with  normal 
reactions.  In  72  cases,  Hayem'*"®  found  the  amount  of  hydrochloric 
acid  increased  in  42,  diminished  in  28,  and  normal  in  2.  Cantu,^''^  like 
Riegel,  states  that  the  over-production  of  hydrochloric  acid  is  charac- 
teristic of  chlorosis ;  this  symptom  is  said  to  be  absent  only  when  the 
disease  is  of  very  long  duration.  Rosenheim, '^^  Buzdygan  and  Glu- 
zinski,'^  Maurer,'"^  and  Schroth  ^™  found,  on  the  whole,  normal  acidities 
with  slight  and  rare  deviations.  The  only  authors  who  frequently 
found  a  diminution  of  hydrochloric  acid  are  Lenhartz  ^''  and  Xeusser.^^* 
The  article  by  Neusser  contains  no  exact  statistics. 

If  we  review  the  entire  subject,  we  become  convinced  that  a  lack 
of  hydrochloric  acid  can  no  longer  be  regarded  as  a  constant  concomi- 
tant of  chlorosis  and,  furthermore,  that  none  of  the  theories  are  justified 
which  are  based  upon  this  supposed  lack  of  hydrochloric  acid.  The 
hydrochloric  acid  is  very  frequently  increased  in  chlorotic  stomachs  ; 
acidities  seen  in  no  other  disease  have  sometimes  been  observed.  On 
the  other  hand,  investigations  show  that  the  hyperacidity,  which  was  so 
regularly  observed  in  the  patients  of  the  clinic  at  Giessen,  is  not  a 
necessary  attribute  of  chlorosis.  It  is  evident  that  all  sorts  of  auxiliary 
influences  arc  at  work.  The  author  has  tried  to  decide  from  his  own 
observations  and  the  clinical  histories  of  others — when  they  have  been 
given  in  detail — whether  the  grade  of  the  anemia,  the  age  of  the  patient, 
or  other  factors  exerted  any  influence,  and  whether  the  acidity  of  the 
gastric  juice  corresponded  to  definite  disturbances  of  digestion.     He 
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has,  however,  been  unable  to  discover  any  regular  relation.  A  more 
exact  detailed  comparative  observation  of  patients  would,  nevertheless, 
enable  one  to  discover  why  the  normal  or  increased  production  of  hydro- 
chloric acid  in  most  cases  gives  way  to  a  diminished  secretion  in  others. 
There  are  no  explanations  for  the  hyperacidity  that  are  free  from  objec- 
tion. We  might  think  of  the  increased  amount  of  chlorin  in  the  blood, 
which,  according  to  the  investigations  of  W.  v.  Moraczewski,^"  is  said 
to  be  indicative  of  chlorosis.  It  is  not  improbably  dependent  upon  the 
nervous  system.  The  gastric  mucous  membrane  is  hyperesthetic  (Th. 
Rosenheim  ^^^) ;  this  fact  not  only  explains  the  numerous  subjective  dis- 
turbances, but  it  is  also  the  cause  of  a  more  marked  stimulus  to  the 
secretory  centers,  resulting  in  the  production  of  an  abnormally  acid,  and 
frequently  an  abnormally  abundant,  gastric  juice  (see  pages  410  and  416). 

DEFECATION-DECOMPOSITION  IN  THE  INTESTINE. 

The  author  would  not  return  to  the  condition  of  the  bowels  in  chlo- 
rosis if  it  were  not  associated  with  an  important  practical  and  theoretical 
question.  The  older  writers  mentioned  sluggishness  of  the  bowels  only 
as  a  concomitant  symptom  of  chlorosis,  basing  it  upon  the  weakness  of 
the  anemic  intestine,  the  w^eakness  of  the  abdominal  muscles,  and  the 
deficient  intestinal  secretion.  Duclos,^"  Sir  Andrew  Clark,^^  Ch.  Bou- 
chard,^^*^  Nothnagel,-^  and  others  subsequently  regarded  constipation  as 
a  causal  factor  in  the  production  of  chlorosis.  The  train  of  thought 
was  as  follows  :  Fecal  stasis  results  in  the  establishment  of  abnormal 
processes  of  decomposition  within  the  intestinal  tract,  particularly  to 
increased  putrefaction  of  the  albumins  ;  poisonous  substances  are  formed 
which  are  absorbed  into  the  circulation  and  destroy  the  hemoglobin  or 
damage  the  blood-building  organs. 

Bunge  '^^  has  a  different  idea  in  reference  to  the  increased  decompo- 
sition of  the  albumins ;  he  places  the  most  importance  upon  the  origin 
of  large  quantities  of  sulphuretted  hydrogen  from  the  putrefying  albu- 
mins, and  its  stable  combination  with  the  iron  in  the  intestinal  tract. 
Bunge  ^  has  since  withdrawn  this  hypothesis  as  untenable,  but  it  is  men- 
tioned here  in  order  to  show  the  prevalence  of  the  teaching  of  the  in- 
creased decomposition  of  the  albumins.  Sir  Andrew  Clark  '**  regards 
the  changed  mode  of  life  of  young  girls  at  the  time  of  puberty  as  the 
cause  of  constipation.  He  refers  to  deficient  exercise,  the  use  of  the 
corset,  the  insufficient  ingestion  of  food  on  account  of  the  fear  of  obe- 
sity, and  states  that  in  girls  of  this  age  the  sense  of  shame  is  so  finely 
developed  that  they  dread  being  seen  in  the  vicinity  of  the  closet  and 
consequently  repair  to  this  locality  as  infrequently  as  possible.     In  this 
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manner  habitual  constipation  is  produced.  Hiillman  ^^^  lays  more  stress 
ujxin  the  development  of  the  pelvic  organs;  he  believes  that  the  growth 
and  maturation  of  the  sexual  organs  exercises  pressure  upon  the  rectum 
and  interferes  with  its  evacuation.  These  and  similar  conceptions  have 
naturally  given  rise  to  corresponding  therapeutic  measures  ;  the  regula- 
tion of  the  bowels  being  particularly  insisted  upon  by  Duclos,  Clark, 
Hiillman,  Nothnagel,  and  others.  The  question  is  consequently  one  of 
preeminent  practical  interest.  It  is  to  be  solved  partly  by  clinical 
observation  and  j>artly  by  a  chemic  investigation  of  the  excretions. 

From  a  clinical  standjxjint  it  must  be  recognized  that  many  chlorotics 
suffer  from  marked  constipation ;  in  order  to  utilize  this  for  the  patho- 
genesis of  chlorosis  we  must  have  statistics  which  allow  of  a  comparison 
between  the  condition  of  the  bowels  in  chlorotic  and  in  non-chlorotic 
girls  and  women.  Such  a  series  of  statistics  has  never  been  published 
and  it  would  be  verv  difticult  to  obtain  exact  and  conviucinsr  statements. 
The  author,  as  already  stated,  has  been  unable  to  observe  any  difference 
in  this  respect  between  chlorotic  and  non-chlorotic  women.  In  his  pres- 
ent practice  the  disease  seems  to  be  more  frequently  accompanied  by 
sluggishness  of  the  bowels  than  was  the  case  in  his  earlier  experience. 
Constipation  was  observed  in  60  per  cent,  of  the  cases ;  only  once  was 
the  constipation  actually  severe  and  difficult  to  overcome,  in  the  other 
instances  there  were  only  slight  irregularities,  which  occurred  periodic- 
ally and  which — when  not  combated — delayed  the  movements  for  one  or 
two  days.  It  should  also  be  added  that  in  this  locality  constipation  seems 
to  be  more  common  not  only  in  chlorotics,  but  also  in  other  young 
girls. 

The  following  statistics  of  182  cases  of  chlorosis  were  obtained 
during  the  author's  association  with  the  clinic  at  Giessen  and  with  the 
Second  Medical  Clinic  of  Berlin  : 

Regular  daily  evacuations  without  laxatives,  in  101  patients  =     55.5  per  cent. 
Evacuations  at  an  average  interval  of  one, 

or  of  one  and  one-half  days  ....  "5         "       =       2.7       " 

Evacuations  at  an  average  interval  of  one  and 

one-half  or  of  two  days "14         "        =       7.7       " 

Evacuations  at  an  average  interval  of  two  or 

three  days "40         "       =     21.9       " 

Evacuations  at  an  average  interval  of  three 

orfourdavs "       9         "        =        4.9       " 

Tendency  to' diarrhea "       9         "        =        4.9       " 

Alternate  diarrhea  and  constipation  .    .    .    .    "       4        "       =       2.2       " 

In  accord  with  the  experience  of  most  physicians  these  figures  show 
conclusively  that  constipation  is  a  frequent,  but  by  no  means  regular, 
concomitant  of  chlorosis.  There  is  no  reason  for  designating  it  as  a 
•cause  of  the  disease. 
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Much  more  important  than  the  frequent  absence  of  constipation  in 
chlorosis  is  the  fact  that  we  often  encounter  mild,  moderate  and  severe 
degrees  of  habitual  constipation  in  every-day  practice,  without  the 
slightest  symptoms  of  chlorosis  and  with  quite  diiFerent  sequelae  than 
would  correspond  to  this  disease.  Dogmatic  prejudice  alone  could  be 
blind  to  the  conclusive  proof  of  this  fact. 

Although  we  have  stated  that  constipation  is  not  a  regular  concomi- 
tant of  chlorosis  and  that  the  sequelae  of  constipation  do  not  resemble 
the  disease,  we  have  not  yet  touched  upon  the  essential  point  of  the 
discussion.  It  must  be  determined  whether  abnormal  processes  of 
decomposition  occur  in  the  intestinal  tract  with  the  formation  of  poisons 
so  that  we  would  have  to  consider  intestinal  auto-intoxication  as  the 
cause  of  chlorosis.  To  make  the  solution  of  this  question  dependent 
upon  a  more  or  less  marked  degree  of  inactivity  of  the  lower  bowel,  is 
evidence  of  a  superficial  method  of  observation.  The  most  severe 
enterogenic  intoxications  known,  such  as  cholera,  for  example,  are  asso- 
ciated with  profuse  evacuations ;  the  presence  of  intestinal  parasites 
gives  rise  to  severe  toxic  anemia,  entirely  independent  of  the  presence 
or  absence  of  constipation  (bothriocephalus  anemia) ;  in  other  metabolic 
diseases,  the  origin  of  which  is  doubtless  to  be  sought  in  abnormal 
decomposition  of  the  intestinal  contents  (diaminuria,  alkaptonuria),  the 
condition  of  the  bowels  is  of  subordinate  importance.  We  must,  con- 
sequently, look  about  for  other  criteria  and,  above  all,  try  to  discover 
whether  such  abnormal  products  of  decomposition  are  to  be  found. 
The  work  of  Th.  Rethers  ''^^  marks  the  first  advance  in  this  direction. 
Since  there  were  but  few  reports  upon  the  amount  of  indican  in  the 
urine  of  chlorotic  individuals  (Hennige,^'^*  Heinemann,^'^  Senator,^^'' 
Ortweiler  ^''^) — the  indigo  reaction  being  feeble  with  rare  exceptions — 
the  author  had  Rethers  determine  the  total  quantity  of  the  conjugate 
sulphates  in  the  urine,  since  these  combinations  (indol,  skatol,  phenol- 
sulphate)  form  a  good  indication  of  the  extent  of  the  putrefactive 
decomposition  of  the  albumins  in  the  intestines. 

The  investigations  were  made  upon  18  cases  of  chlorosis,  which  were 
almost,  without  exception,  instances  of  severe  types.  The  quality  and 
quantity  of  the  diet  was  approximately  the  same  in  all  these  instances 
(much  albumin,  little  carbohydrates  and  milk).  In  healthy  individuals, 
mostly  women  who  were  on  the  same  diet,  the  author  had  usually  found 
the  daily  amount  of  the  conjugate  sulphates  to  vary  from  0.1 '2—0.25 
gm.,  sometimes  more,  sometimes  loss.     Of  these  18  chlorotics 

3  secreted  over  0.30  gm.         1  secreted  over  0.20-0. 2r>  gm, 

5        "  "      0.25-0.30     "  9        "  less  than  0.20  " 
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These  were  the  average  amounts  obtained  from  repeated  daily  exami- 
nations of  the  urine. 

Rethers  coiichuled  from  this  that  gastro-intcstinal  disturbances  pro- 
ducing an  increased  putrefaction  of  the  albumins  are  not  rare  in  chlo- 
rosis, but  that  they  are  not  frequent  enough  to  be  made  responsible  for 
the  origin  of  the  disease. 

After  the  appearance  of  Rether's  dissertation,  the  author  carried  out 
parallel  experiments  upon  4  chlorotic  and  4  healthy  girls.  The  diet 
was  exactly  the  same  as  in  the  investigations  of  Rethers.  The  urines 
were  examined  for  three  days,  and  the  following  average  daily  amounts 
of  conjugate  sulphates  were  found  in  the  urines  of  the  chlorotics — 0.17, 
0.19,  0.25,  0.26  gm.  ;  the  urines  of  the  healthy  girls  contained  0.165, 
0.21,  0,24,  0.28  gm. 

As  Albu  ^^^  rightly  remarks,  the  last  word  upon  this  subject  has  not 
been  said ;  in  the  meantime,  proof  being  offered  only  that  the  form  of 
albuminous  decomposition  which  terminates  in  the  formation  of  aro- 
matic substances  can  not  be  of  decisive  importance  for  the  origin  of 
chlorosis,  the  ptomains  and  poisonous  albuminous  bodies  would  still 
have  to  be  considered.  The  hypotheses  of  Forchheimer  ^^  consider  these 
substances,  but  it  is  quite  useless  to  pursue  the  subject  further  until  the 
realm  of  positive  knowledge  has  been  considerably  enlarged. 

THE  ABSORPTION  OF  FOOD. 

Investigations  of  the  absorption  of  nutritive  material  give  an  idea 
of  the  entire  amount  of  work  done  by  the  gastro-intestinal  tract ;  they 
have  not  been  carried  out  in  large  numbers  of  chlorotics.  We  will  place 
the  results  of  those  known  up  to  the  present  time  in  a  small  table  : 


Duration 

of  the 

experiment. 

Nutriti 

on  per  day 

Loss  in 

feces  per 

day. 

Author. 

Total 
solids 
in  gmi. 

Nitrogen 
in  gm. 

Fat 
in  gm. 

Total 
solids 
in  gm. 

Nitrogen 
in  gm. 

Fat 
in  gm. 

Wallerstein  "^ 

.    .  6  days    . 

.    .  347 

16.46 

39.26 

16.3 

1.16 

4.96 

Lipmann-Wulf '= 

r  7    "      . 

.    .  441 

12.88 

85.86 

22.4 

0.97 

4.22 

an<l 

7     "       . 

.    .  488 

13.06 

98.47 

23.5 

0.84 

4.97 

V.  Nooiden. 

1.5     "       . 

.    .483 

12.78 

93.65 

24.2 

1.17 

5.10 

All  these  were  severe  cases  of  chlorosis.  The  results  showed  a 
normal  absorption  of  total  solid.s,  of  the  nitrogen,  and  of  the  fat. 
The  only  striking  feature  is  the  poor  absorption  of  the  fats  in  Waller- 
stein's  patient ;  12.63  per  cent,  of  the  fats  ingested  (or  of  the  substances 
soluble  in  ether)  passed  out  with  the  feces.  This  high  percentage 
should  not  be  surprising,  nor  should  it  be  designated  as  pathologic, 
since  the  diet  contains  very  little  fat,  and,  as  is  well  known,  the  pro- 
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portion  absorbed  under  such  conditions  is  always  quite  small  (v. 
Noorden  ^'^'). 

Further  investigations  are  still  to  be  desired.  In  rare  cases  the 
feces  of  chlorotics  resemble  the  clay-colored  stools  of  icterus  (v. 
Jaksch/*"  Nothnagel/^') ;  this  condition  always  seems  to  be  transitory 
in  its  character.  We  have  encountered  these  clay-colored  stools  only 
twice  in  chlorosis,  although  we  have  made  inquiries  upon  this  point 
in  every  case  for  the  last  eight  years.  This  patient  was  fed  upon 
ordinary  mixed  hospital  diet ;  the  feces  were  of  a  grayish-clay  color, 
and  the  dried  residue  contained  31.2  per  cent,  of  fat,  not  an  excessive 
quantity.  The  patient  was,  unfortunately,  so  unreliable  that  no  accu- 
rate experiments  could  be  carried  out ;  in  a  few  days  the  bowel  move- 
ments lost  the  gray  color  and  did  not  regain  it  throughout  the  entire 
period  of  observation.  In  future  cases  we  must  particularly  observe 
whether  this  gray  color  is  due  to  the  large  amount  of  fat  or  to  the  de- 
creased amount  of  bile.  In  accord  with  Nothnagel,  we  were  able  to 
determine  in  our  case  that  there  was  certainly  not  a  complete  absence 
of  the  derivatives  of  the  biliary  coloring-matters.  A  decrease  of 
hydrobilirubin  is  not  rare ;  we  shall  have  to  treat  of  this  more  in  detail 
upon  a  subsequent  occasion. 

[Vannini  ^  has  studied  the  metabolism  in  chlorosis  and  refers  to  pre- 
vious investigations  along  the  same  line.  He  found  a  distinct  nitrogen 
retention.  The  absorption  from  the  intestines  of  proteids,  fats,  and 
carbohydrates  was  normal.  The  water  balance  varies  widely  in  differ- 
ent cases  and  at  different  times.  The  conditions  of  the  urine  are  gen- 
erally normal  as  to  the  quantity,  specific  gravity,  and  acidity.  The 
nitrogenous  elements  vary  greatly,  especially  the  ammonia  and  urea. 
The  ethereal  sulphates  are  generally  not  increased,  but  there  is  not  in- 
frequently some  increase  in  the  neutral  sulphur.  Earthy  phosphates 
are  often  diminished.  The  calcium,  magnesium,  sodium,  and  potassium 
balance  is  normal. — Ed,] 

THE  SPLEEN. 

According  to  the  statements  of  the  older  authors,  the  spleen  of 
chlorotics  shows  no  changes ;  it  is  particularly  stated  that  it  is  not 
enlarged.  Immermann,^'^"  for  example,  states  that  "  the  two  cases  of 
Fiihrer^^^  and  Scharlau '*'  which  came  to  autopsy  and  in  which  the 
vSpleens  were  enlarged,  soft,  and  pigmented,  were  very  exceptional." 
In  some  other  autopsy  reports  which  the  author  consulted  no  mention 
is  made  of  enlargement  of  the  spleen.     Exceptions  are  found  in  those 

^Virchow''s  Archiv,  clxviii.,  1904,  p.  375. 
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cases  where  complications  existed  that  usually  give  rise  to  splenic 
enlargements,  such  as  pyemia,  for  example.  Among  others  in  this 
class  is  the  case  of  Miklner^^^  with  a  severe  bed-sore  and  infectious 
venous  thrombosis,  and  the  case  of  Le  Sage  '^"  with  sinus  thrombosis 
and  purulent  peri-oophoritis.  In  recent  years,  on  the  contrary,  clin- 
icians have  frequently  pointed  out  the  occurrence  of  splenic  enlarge- 
ments in  extreme  cases  of  chlorosis.  Jacobi  *^  found  this  symptom  in 
5  out  of  7  cases,  and  regards  it  as  a  regular  symptom  of  the  severe  type. 
Chvostek'®^  reports  enlargement  of  the  spleen  21  times  in  56  cases;  the 
anterior  pole  of  the  spleen  was  palpable  13  times ;  in  8  cases  the 
enlargement  was  demonstrable  by  percussion  only.  In  the  majority  of 
these  cases  all  other  causes  of  splenic  swelling  were  excluded.  Chvostek 
believes  that  active  regenerative  processes  occur  in  the  blood  of  chlo- 
rotics,  and  to  this  he  attributes  the  enlargement  of  the  spleen.  Rummo 
and  Dori  '^*  frequently  found  a  splenic  enlargement  when  they  treated 
chlorotic  individuals  with  subcutaneous  injections  of  citrate  of  iron  and 
ammonium.  The  splenic  enlargement  appeared  when  the  chlorosis  im- 
proved and  while  the  blood  was  in  process  of  active  regeneration.  In 
Jacobi's  cases  the  opposite  condition  obtained — the  splenic  enlargement 
disappeared  with  the  cure  of  the  chlorosis.  Apparently  unacquainted 
with  the  works  of  his  predecessors,  Clement"^  writes  of  the  frequent 
enlargement  of  the  s])leen  in  chlorosis.  A  new  author,  a  new  expla- 
nation !  Clement  regards  the  splenic  swelling  as  proof  of  the  infectious 
nature  of  chlorosis. 

In  the  records  of  the  Clinic  at  Giessen  and  of  the  Second  Medical 
Clinic  of  Berlin,  we  find  statements  in  reference  to  the  condition  of  the 
spleen  in  168  cases  of  chlorosis  : 

Spleen  not   palpable,   dnlness   less   tlian    7   cm.  in  122  cases  =  72.6  per  cent. 

"         "            "                 "         more    "      7     "  "  21       "      =12.5       " 

"       enlarged,  demonstral)le  by  palpation  "  15      "      =    8.9       " 

"             "           without  more  exact  statement  "  10      "     =    6.0       " 

In  the  chlorotics  examined  in  our  office  or  in  consultation  during  the 
last  two  years,  and  in  whom  the  anemia  was  almost,  without  exception, 
of  a  most  marked  degree,  the  spleen  was  much  more  frequently  j)alpable 
than  was  the  case  in  the  hospital  statistics.  In  45  per  cent,  of  the 
cases  it  projected  beyond  the  costal  margin  during  inspiration. 

It  may  be  doubted  whether  there  is  really  a  corresponding  enlarge- 
ment of  the  s})leen  every  time  the  splenic  dulness  is  increased  and  the 
apex  of  the  spleen  is  })alpable.  We  frequently  have  to  do  witii  girls 
and  women  in  whom  the  position  of  the  abdominal  organs  has  been 
changed  by  inappropriate  clothing.     The  spleen  is  particularly  likely 
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to  be  involved  in  such  displacements,  and  in  many  instances  it  may  be 
rather  a  wandering  or  dislocated  spleen  than  an  enlargement  of  the  organ. 

These  objections  can  be  made  only  to  a  certain  number  of  obser- 
vations. In  many  instances  a  true  enlargement  of  the  spleen  can  not 
be  denied.  From  my  own  experience  the  splenic  swelling  seems  to 
accompany  only  the  severe  forms  of  chlorotic  anemia  and  to  disappear 
rapidly  during  recovery. 

These  remarks  may  cause  more  attention  to  be  given  to  the  condi- 
tion of  the  spleen  in  chlorosis.  In  view  of  the  paucity  of  details,  it  is 
not  worth  while  to  consider  the  significance  of  the  splenic  enlargement 
at  the  present  time. 

THE  SEXUAL  ORGANS. 

We  have  previously  repeatedly  emphasized  the  fact  that  intimate 
relations  between  the  genital  apparatus  and  the  disturbances  of  blood- 
formation  leading  to  chlorosis  are  not  to  be  denied.  According  to  our 
supposition  the  explanation  is  to  be  found  in  anomalies  of  metabolism 
in  some  portion  of  the  sexual  apparatus  (see  pages  348  and  351). 

At  this  place  we  will  consider  only  those  phenomena  which  are 
capable  of  objective  demonstration.  The  anatomic  and  menstrual  anom- 
alies are  to  be  particularly  discussed. 

DISTURBANCES  OF  DEVELOPMENT. 

The  pathologic  anatomists,  led  by  Rokitansky  ^^  and  Virchow,^ 
taught  that  a  deficient  development  of  the  genitalia  was  found  in  indi- 
viduals who  had  suffered  from  severe  and  incurable  forms  of  chlorosis. 
The  autopsy  reports  upon  which  this  teaching  is  based  speak  mostly 
of  smallness  of  the  uterus  (uterus  infantilis)  and  of  small  ovaries  with 
a  greatly  decreased  number  of  follicles.  It  would  be  most  praiseworthy 
if  the  pathologic  anatomist  and  clinician  would  work  together  to  furnish 
a  larger  series  of  statistics  upon  these  cases.  The  author  has  looked 
over  nearly  all  of  the  published  postmortem  records  of  cases  of  chloro- 
rosis  and  the  result  was  not  worth  the  trouble.  In  but  27  cases  were 
there  statements  in  reference  to  the  anatomy  of  the  sexual  organs  ;  in 
25  instances  tlie  descriptions  were  sucli  that  the  presence  of  develop- 
mental disturbances  of  the  uterus  or  of  the  ovaries  could  be  assumed 
with  some  degree  of  certainty.  It  would  be  much  better  than  this 
variety  of  statistics  if  we  would  start  with  those  cases  which  present 
evidence  of  retarded  devclo])ment  at  autopsy  and  then  to  determine 
wliether  these  individuals  jiad  ever  had  cidorosis. 

In  view  of  the  scarcity  of  pathologic  material  we  are  particularly 
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indebted  to  H.  Stieda,®  wlio  undertook  to  solve  this  question  by  means 
of  gynecologic  examinations  upon  the  living. 

In  the  gynecologic  "Poliklinik"  at  Freiburg,  Stieda  attempted  to 
determine  whether  those  conditions  which  must  be  designated  as  retarded 
development  or  developmental  disturbances  (the  so-called  "  signs  of 
degeneration ")  of  the  body,  particularly  of  the  pelvis,  breasts,  and 
genitalia,  were  more  frequent  in  chlorotics  than  in  other  persons. 

The  examinations  were  made  in  23  chlorotics.  In  14  cases  (61  per 
cent.)  the  pelvis  resembled  that  of  a  puerile  type  (lessened  transverse 
measurement  of  the  anterior  half  of  the  pelvic  ring). 

In  f)  cases  (39.1  per  cent.)  there  was  a  deficient  development  of  the 
external  genitalia  (labia  majora  and  minora,  clitoris,  pubic  hair). 

No  anomalies  of  the  hymen  or  vagina  were  found. 

In  5  cases  there  was  an  infantile  uterus  ;  in  1  instance,  a  uterus 
duplex. 

In  12  cases  the  ovaries  were  smaller  than  normal ;  in  9  cases  the 
difference  was  slight,  in  3  instances  it  was  very  considerable. 

In  5  cases  the  breasts  were  poorly  developed  ;  in  7  cases  only  mod- 
erately so,  making  a  total  of  52.2  per  cent. 

These  degenerative  signs  occurred  sometimes  alone  and  sometimes 
in  groups.  Taken  altogether,  no  less  than  73.9  per  cent,  of  the  chlo- 
rotic  persons  examined  exhibited  one  or  more  of  these  developmental 
anomalies. 

During  the  same  period  of  observation,  non-chlorotic  patients  were 
examined  for  the  purpose  of  comparison. 

Among  233  persons,  the  above-mentioned  anomalies,  either  alone 
or  in  association  with  each  other,  were  found  in  64  individuals — /.  c, 
in  27.5  per  cent. 

The  details  of  these  anomalies  are  as  follows  : 

Pelvic  anomalies  in  23.6  per  cent,  (puerile  pelvis  in  9,9  per  cent.). 

Deficient  development  of  the  external  genitalia  in  4.7  per  cent.,  of 
uterus  in  4.3  per  cent.,  and  of  the  ovaries  in  0.9  per  cent. 

Deficient  development  of  the  breasts  in  3.9  per  cent. 

In  a  previous  collection  of  cases  from  the  same  clinic  Wiedow  ^^  had 
found  that  one  or  more  of  the  so-called  degenerative  signs  were  found 
in  20  per  cent,  of  the  patients. 

Although  the  number  of  cases  examined  by  Stieda  is  small,  the 
author  does  not  think  we  sliould  hesitate  to  promulgate  Stieda's  results, 
together  with  the  comparative  percentages,  since  they  practically  con- 
stitute the  only  serviceable  collection  of  material  that  we  posssess  at 
the  present  time.     The  final   conclusion   is   important  and  surprising : 
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73.9  per  cent,  of  the  chlorotic,  and  only  20-27.5  per  cent,  of  the 
non-chlorotic  individuals  exhibited  one  or  more  developmental  anom- 
alies. 

The  significance  of  the  result  is  such  that  we  are  inclined  to  await 
the  publication  of  a  larger  series  of  observations.  Stieda,  like  Immer- 
mann/  is  inclined  to  believe  that  chlorosis  is  independent  of  arrested 
development ;  these  authors  both  look  upon  the  arrested  development  of 
the  genitalia,  on  the  one  hand,  and  the  deficient  formation  of  blood,  upon 
the  other,  as  coordinated  "degenerative  signs"  or  disturbances  of  develop- 
ment. This  certainly  must  be  admitted  as  far  as  a  large  number  of  the 
anomalies  are  concerned- — for  example,  where  the  arrested  development  is 
limited  to  the  pelvic  bones  or  to  the  external  genitalia.  In  the  decision 
of  the  question  as  to  whether  the  deficient  maturation  of  the  uterus, 
and  particularly  of  the  ovaries,  exerts  any  deleterious  influence  upon 
the  activity  of  the  hematopoietic  organs,  these  clinical  reports  are  of  no 
more  aid  to  us  than  the  previously  published  autopsy  records. 

MENSTRUATION. 

We  are  not  justified  in  drawing  any  far-reaching  conclusions  from 
the  condition  of  the  menses.  Nevertheless,  it  is  worthy  of  note  that, 
of  all  diseases,  chlorosis  is  most  frequently  accompanied  by  menstrual 
disturbances.  This  is  also  suggestive  of  the  intimate  relations  which 
exist  between  the  processes  occurring  in  the  genitalia  and  those  taking 
place  in  the  hematopoietic  organs. 

Various  possible  interpretations  of  the  nature  of  this  connection 
have  been  stated.  We  will  limit  ourselves  to  briefly  outlining  some 
of  them  : 

1.  Chlorosis  is  a  result  of  the  menstrual  disturbances.  Some  writers 
would  trace  chlorosis  directly  to  the  losses  of  menstrual  blood.  Such 
a  hypothesis  as  this  disregards  the  facts  that  many  girls  are  attacked  by 
chlorosis  before  they  have  ever  menstruated,  and  that  in  a  still  larger 
number,  who  become  chlorotic  later,  the  losses  of  blood  are  much  too 
small  and  much  too  infrequent  to  produce  a  severe  anemia.  In  view 
of  the  previous  histories  of  some  attacks  of  chlorosis  and  in  view  of 
the  numerous  cases  in  which  the  menstruation  became  scanty  or  entirely 
ceased  with  the  apjiearance  of  the  disease,  an  etiologic  significance  can 
hardly  be  ascribed  to  the  menstrual  bleeding — not  even  in  an  individual 
case  when  the  chlorosis  is  preceded  or  accompanied  by  marked  and  foul- 
smelling  losses  of  blood. 

The  absence  of  the  menses  has  also  been  made  responsible  for  chlo- 
rosis.    Charrin  ^  regards  the  disease  as  a  variety  of  menstrual  intoxica- 
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tion.  According  to  his  conception,  when  the  menses  are  scanty,  toxins 
which  are  injurious  to  the  bh)od  and  to  blood-formation  are  retained  in 
the  body.  Tliis  is  practically  equivalent  to  one  of  the  widespread 
beliefs  of  the  laity. 

2.  The  menstrual  disturbances  are  the  results  of  chlorosis.  The 
champions  of  this  theory  trace  both  the  diminution  and  infrequeucy  of 
the  menstrual  flow,  as  well  as  greater  frequency,  menorrhagia,  and  pains 
of  the  most  varied  descriptions,  to  the  basal  disease.  It  is  such  a  varied 
conglomeration  that  we  might  say  there  is  almost  no  form  of  menstrual 
anomaly  which  has  not  been  explained  by  the  impoverishment  of  the 
blood. 

It  seems  most  natural  to  attribute  a  scantiness  of  the  menses,  or 
even  amenorrhea,  to  the  chlorotic  quality  of  the  blood.  Experience 
favors  this  view,  since  the  menses  frequently  become  more  profuse  and 
more  regular  with  improvement  of  the  anemia.  Objections  are  en- 
countered, however,  when  we  draw  comparisons  with  other  forms  of 
anemia.  So-called  pernicious  anemia,  leukemia,  and  many  marked 
cases  of  secondary  anemia,  are  more  prone  to  produce  an  exaggeration 
than  a  diminution  of  the  menstrual  flow.  At  all  events,  the  disturb- 
ances of  menstruation  in  chlorosis  are  too  manifold  and  too  independent 
of  the  severity  of  the  disease  to  be  considered  as  uniform  and  intimate 
consequences  of  the  affection. 

3.  The  anemia  and  the  menstrual  anomalies  do  not  hold  any  causal 
relations  with  each  other,  but  they  are  both  dependent  upon  other  com- 
mon causes.  This  is  a  natural  elaboration  of  our  previously  stated 
hypothesis  of  the  origin  of  chlorosis  (see  pages  347  and  355)  and  we 
incline  to  this  view.  We  have  assumed  that  the  attack  of  chlorosis  is 
excited  by  pathologic-metabolic  processes  in  the  genitalia,  particularly 
in  the  ovaries  and  probably  dependent  upon  the  maturation  of  the  ova, 
or  even  by  a  deterioration  of  the  normal  processes  of  metabolism. 
Pathologic  processes  in  the  ovaries  must  also  be  made  responsible  for 
the  disturbances  of  menstruation.  Since  the  processes  within  the 
ovaries  which  lead  to  impairment  of  blood-formation  and  to  anomalies 
of  the  menstrual  flow  need  not  necessarily  be  identical,  the  anemia  may 
be  associated  with  the  most  varied  forms  and  degrees  of  menstrual 
disturbances. 

We  will  leave  these  theories  and  give  a  brief  survey  of  the  fre- 
quency of  menstrual  disturbances  in  chlorosis.  In  addition  to  some 
small  series  of  observations  of  previous  authors  we  can  furnish  a  larger, 
new,  and  carefully  selected  amount  of  statistic  matter. 
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H.  Schulze  ^^  reports  of  2(3  clilorotics  : 
5  times,  normal  menstruation  ; 
4     "       no  menstruation  as  yet ; 

7     "       normal   menstruation  before    the  disease — when    the    disease 
appeared  the  menstrual  flow  became  scanty  in  4,  and  more 
profuse  in  3  instances  ; 
10  "       complete  amenorrhea  during  the  chlorosis. 

Hayem '  states  that  girls  wlio  have  not  yet  menstruated,  only  rarely 
become  chlorotic.  The  condition  of  the  menses  before  the  disease,  as 
regards  both  quantity  and  regularity,  does  not  differ  from  that  observed 
in  girls  who  do  not  become  chlorotic.  With  the  appearance  of  the 
chlorosis  there  is  almost  always  an  impairment  of  the  menstrual  proc- 
ess. Of  65  patients,  24  lost  their  menses  with  the  appearance  of  the 
disease,  36  suffered  a  considerable  diminution  in  the  amoimt  of  the 
jnenstrual  flow,  4  showed  no  change  whatever,  and  1  lost  larger  amounts 
,of  blood  at  more  frequent  intervals. 

Ossent  ^  encountered  disturbances  of  menstruation  68  times  in  195 
.chlorotics  (34,9  per  cent.) ;  the  periods  were  sometimes  too  profuse, 
sometimes  too  scanty,  painful,  irregular,  etc.  ;  more  exact  statements 
are  wanting.  In  14  cases  the  periods  had  not  yet  made  their  appear- 
ance (7.2  per  cent.);  among  these  were  5  girls  over  17  years  of  age 
and  9  younger  individuals.  Altogether  menstrual  anomalies  were  pres- 
.ent  in  42  per  cent,  of  the  cases.  This  percentage  is  quite  considerable, 
but  it  is  considerably  less  than  that  of  Hayem. 

Stieda  ^  informs  us  that  of  his  23  chlorotics,  only  7  had  menstruated 
regularly  ;  their  periods  were  scanty.  One  patient,  nineteen  years  of 
age,  had  not  yet  menstruated  ;  in  2  individuals,  menstruation  had  ex- 
isted for  a  short  time  and  then  ceased  entirely.  The  remainder  had 
menstruated  irregularly,  3  of  these  scantily,  and  4  profusely.  The 
patients  with  profuse  bleeding  also  had  endometritis,  so  that  the  latter 
affection  was  more  responsible  for  the  menorrhagia  than  was  the  chlo- 
rosis. Disregarding  these  particular  cases,  the  menstrual  process,  as  a 
^rule,  seemed  to  be  impaired. 

The  authors'  own  statistics  are  based  upon  a  collection  of  215  cases  : 

Of  215  chlorotics,  30  had  not  yet  menstruated  at  the  time  of  obser- 
vation (13,9  per  cent,).     Of  these 

1  patient  was  13  years  of  age.  1  patient  was     18  years  of  age. 

3  patiepts  were  14  years  of  age.        4  patients  were  19     "  " 

6  "         15     "  "  3  "         20     ''  '' 

6  "  16     "  "  1  patient  was     21      "  " 

.3  ."         17     "  "  2  patients  were  24     "  " 
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In  20  other  cases  (12.1  ])('i-  cent.),  the  chlorosis  had  likewise  broken 
ont  before  the  first  appearance  of  menstruation  ;  these  patients  did  not 
come  under  observation,  however,  until  after  the  beginning  of  menstrua- 
tion, usually  during  the  second  or  third  attack. 
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Of  215  patients,  there  were  consequently  56  (26  per  cent.)  who  had 
not  yet  menstruated  when  the  disease  began. 

In  30  patients  (13.9  percent.),  the  chlorosis  appeared  at  the  same 
time  or  immediately  after  the  first  menstruation.     Of  these  cases 
8  commenced  at  the  age  of  14  years. 
13  "         "  15       " 

5  "         "  16       " 

1  a  a  17         " 

1  "  "  18       " 

2  "         "  20      " 

In  129  patients  (60  per  cent.),  there  was  a  longer  period  of  time 
between  the  first  menstruation  and  the  beginning  of  the  disease  : 

Number  of  times  menstruation  occurred. 
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Total 

28 
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It  is  also  interesting  to  note  the  number  of  cases  in  which  the  menses: 
had  not  appeared  at  the  end  of  the  seventeenth  year — /.  e.,  the  extreme 
limit  of  what  might  still  be  designated  as  normal.  This  was  the  case 
in  59  (27.4  per  cent.)  of  the  patients  ;  of  these  31  had  been  chlorotic 
before  the  first  menstruation,  28  had  become  anemic  with  the  appearance 
of  the  menses  or  shortly  afterward. 
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There  are  statements  in  reference  to  the  amount  and  frequency  of 
the  menstruation  in  173  of  the  authors'  clinical  records. 

In  59  patients  (34.1  per  cent.)  the  menses  were  always  regular — i.  e., 
before  and  during  the  chlorosis. 

34  (19.6  per  cent.)  designated  the  menstrual  amount  as  moderate. 
15  (  8.7  "      )  "  "  "  scanty. 

10  (  5.8  "      )  "  "  "  profuse. 

In  49  patients  (28.3  per  cent.)  the  menses  were  always  irregular — 
i.  e.,  before  and  during  the  chlorosis  : 

15  (  8.7  per  cent.)  designated  the  menstrual  amount  as  moderate. 

29  (16.3       "        )  "  "  periods  as  scanty,  sometimes  small 

in  amount,  sometimes  of  too  infrequent  occurrence. 
5  (  2.9  per  cent.)   designated  the  periods    as   profuse,   sometimes 
large  in  amount,  sometimes  of  too  frequent  occurrence. 

In  65  patients  (37.5  per  cent.)  in  whom  menstruation  had  been 
more  or  less  regular,  the  process  changed  with  the  appearance  of  the 
chlorosis. 

It  ceased  completely  in  44  patients  (25.4  per  cent.). 

It  became  more  scanty  or  more  rare  in  17  patients  (10  per  cent.). 

It  "  profuse  "     frequent  in  4  patients  (2.3  per  cent.). 

Altogether,  there  was  an  impairment  of  the  menstrual  process,  either 
before  or  with  the  appearance  of  the  chlorosis,  in  105  patients  (60.7 
per  cent.).  To  these  may  be  added  the  56  chlorotics  who  had  not  yet 
menstruated  when  the  disease  first  appeared.  If  we  compare  this  total 
of  161  with  the  entire  number  of  chlorotics  whose  clinical  histories 
mentioned  the  menstrual  condition  (215),  we  learn  that  77.2  per  cent, 
of  the  patients  exhibited  an  impairment  of  the  menstrual  process. 

As  long  as  amenorrhea  exists  there  is  small  possibility  of  conception, 
but  this  is  not  excluded.  I  have  only  recently  seen  2  cases  in  which 
impregnation  had  occurred  after  the  existence  of  chlorotic  amenorrhea 
for  several  months.  Chlorosis  seems  to  render  impregnation  more  dif- 
ficult not  only  during  the  amenorrhea,  but  throughout  the  entire  course 

of  the  disease. 

LEUKORRHEA. 

Of  the  other  pathologic  j)henomena  occurring  in  the  sexual  appar- 
atus, and  which  undoubtedly  hold  a  relation  to  chlorosis,  we  must  still 
mention  leukorrhea.  The  non-sanguineous  excretions  in  women  are  so 
fre(juent  and  have  such  a  varied  etiology  that  it  is  quite  diflicult  to 
pick  out  tliose  cases  in  Avhich  chlorosis  can  be  regarded  as  the  only 
cause.  Of  250  chlorotics,  no  less  than  55  (22  per  cent.)  had  the 
"  whites,"  either  temporarily  or  throughout  the  course  of  the  disease. 
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Many  of  these  cases  were  undoubtedly  complicated  by  gonorrhea  and 
other  diseases  of  the  vagina  and  uterus.  Nevertheless,  18  cases  (7.1 
per  cent.)  are  worthy  of  j)articular  attention,  since  the  genitalia  were 
in  a  virginal  condition  and  exhibited  no  evidence  of  improper  irrita- 
tion. As  a  matter  of  fact,  leukorrhea  might  be  found  in  a  much  greater 
percentage  of  chlorotics  in  spite  of  completely  intact  genitalia  ;  the 
relatively  low  number  given  above  is  explained  by  the  fact  that  these 
women  came  from  classes  of  society  in  which  no  great  weight  is  placed 
upon  the  preservation  of  virginity. 

If  we  wish  to  determine  the  clinical  relations  of  leukorrhea  to  chlo- 
rosis we  must  consider  only  those  patients  who  have  not  yet  had  sexual 
intercourse.      We  then  find  the  following  state  of  affairs : 

In  a  large  number  of  cases  there  is  not  a  trace  of  leukorrhea  during 
the  entire  course  of  the  chlorosis.  This  is  true  of  both  mild  and  severe 
forms  of  the  disease. 

In  many  patients  every  menstruation  is  succeeeded  by  a  yellowish- 
white  creamy  discharge,  which  lasts  longer  than  did  the  menstrual  flow  ; 
this  is  particularly  observed  in  chlorotics  who  tend  to  have  very  scanty 
menses.  The  leukorrhea  is  most  marked  two  or  three  days  after  the 
cessation  of  menstruation.  The  discharge  has  no  irritating  qualities 
and  it  is  only  when  the  patients  are  particularly  uncleanly  that  the 
external  genitalia  become  inflamed. 

Many  patients  have  the  discharge  for  weeks  and  months.  Most 
patients  suffer  with  complete  amenorrhea  as  long  as  the  leukorrhea  is 
present.  Chlorotics  who  normally  menstruate  rarely  have  a  permanent 
leukorrhea  between  the  catamenia.  The  pathologic  secretion  varies 
greatly  in  amount ;  the  discharge  is  often  very  profuse  and  the  cause 
of  great  discomfort.  Inflammation  of  the  external  genitalia  is  much 
more  frequent  in  these  cases  than  in  the  instances  of  postmenstrual 
leukorrhea  above  described.  Women  and  girls  not  rarely  suffer  from 
marked  sexual  excitement  as  long  as  this  form  of  leukorrhea  is  present. 

It  is  evident  that  both  the  })ostmenstrual  and  the  continuous  forms 
of  leukorrhea  are  dependent  upon  clilorosis  ;  they  do  not  seem  to  be 
due  to  inflammation,  but  simply  represent  an  intensification  of  the  nor- 
mal secretory  process.  In  many  cases  the  intensity  of  the  leukorrhea 
maintains  a  parallel  with  the  general  condition  of  the  patient ;  this  has 
given  rise  to  the  popular  belief  that  "  leukorrhea  weakens  the  body." 
Many  mothers  regard  this  symptom  as  the  origin  and  nucleus  of  the 
entire  disease,  and  take  their  daughters  to  gynecologists.  Unfortunately, 
it  repeatedly  happens  that  the  specialist  institutes  gynecologic  treatment 
for  the  simple  leukorrhea.     Experienced  gynecologists  condemn  such  a 
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practice  as  strongly  as  do  the  representative  medical  practitioners.  The 
best,  surest,  and  only  admissible  treatment  of  this  form  of  leukorrhea 
is  the  dietetic,  hygienic,  and  medical  treatment  of  the  chlorosis. 

THE  ORGANS  OF  SPECIAL  SENSE* 
THE  EAR. 

The  milder  subjective  symptoms,  such  as  tinnitus  aurium,  will  not 
be  discussed  under  this  heading,  since  they  have  already  been  mentioned 
in  the  description  of  the  general  symptomatology.  The  disturbances 
are  usually  so  slight  that  they  are  disregarded ;  many  patients  fail  to 
recall  them  until  questioned  upon  this  point.  Nevertheless,  there  are 
exceptional  cases  in  which  the  tinnitus  and  other  auditory  sensations, 
or  even  auditory  hallucinations,  are  present  to  an  extremely  disagreeable 
degree  and  greatly  annoy  the  patient,  both  by  their  severity  and  by 
their  obstinacy.  In  these  cases  it  is  impossible  to  find  any  impairment 
of  hearing  or  any  pathologic  change  in  the  external  or  internal  ear. 
Such  phenomena  are  simply  manifestations  of  disturbances  occurring 
exclusively  in  the  nervous  apparatus.  It  has  been  attempted  to  make 
the  marked  and  continuous  ringing  in  the  ears  dependent  upon  the  mur- 
murs which  are  objectively  perceptible  in  the  internal  jugular  vein  or 
in  the  cerebral  sinuses.  This  is,  however,  out  of  the  question.  The 
author  has  frequently  heard  loud  murmurs  over  the  mastoid  process  and 
the  region  just  above  it,  when  there  were  absolutely  no  complaints  of 
subjective  auditory  symptoms  ;  and,  vice  versa,  these  objective  murmurs 
were  only  slightly  marked  in  patients  who  had  pronounced  pathologic 
auditory  phenomena.  The  two  conditions  were  found  together  in  iso- 
lated cases  only. 

At  this  place,  we  will  refer  to  a  rare  case,  in  the  course  of  which 
the  power  of  auditory  perception  was  completely  lost  for  hours.  The 
first  time  this  condition  was  observed  it  immediately  succeeded  an  attack 
of  unconsciousness  ;  when  the  patient  came  to,  all  the  sensations  and 
functions  returned  to  the  normal,  with  the  exception  of  hearing,  which 
was  absent  for  ten  hours.  The  condition  repeatedly  returned  without 
a  preceding  attack  of  unconsciousness. 

A  certain  parallel  usually  exists  between  the  severity  of  the  disease 
in  general  and  the  subjective  auditory  phenomena ;  at  least,  it  may  be 
readily  perceived  in  individual  cases.  These  disturbances  completely 
disappear  with  the  cure  of  the  chlorosis.  Permanent  detrimental  results 
are  never  observed. 
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THE  EYE. 

Ophthalmic  symptoms  are  very  common  in  chlorosis.^®^  A  temporary 
flickering  before  the  eyes  and  blackness  of  vision  is  complained  of  in 
nearly  every  case  of  a  severe  type.  Ocular  pains,  either  spontaneous 
or  following  eye-strain,  are  likwise  rarely  absent.  The  one  or  the  other 
symptom  may  be  the  more  marked,  and  the  oculist  is  the  first  to  dis- 
cover that  the  ])atient  is  suffering  from  chlorosis.  The  phenomena  of 
the  so-called  blackness  of  vision,  if  they  are  well-pronounced  in  an 
individual  case,  are  particularly  important  and  alarming  to  the  patient. 
The  attacks  follow  a  fainting  fit  or  paroxysms  of  fainting,  or  they  may 
appear  spontaneously.  Ordinarily  the  attack  is  of  but  short  duration, 
a  half  minute  or  several  minutes ;  in  other  instances  it  may  last  for 
hours. 

Not  long  since  the  following  rare  case  occurred  in  the  authors^ 
practice. 

The  patient  was  a  markedly  chlorotic  girl,  eighteen  years  of  age,  who 
was  attacked  by  total  blindness  whenever  she  was  constipated  and  strained 
during  defecation  ;  these  attacks  were  sometimes  easily  combated  by  the  dor- 
sal position,  with  moderate  depression  of  the  head  and  elevation  of  the  lower 
extremities,  or  by  applying  broad  bandages  al)0ut  the  lind)s  in  order  to  force 
the  blood  upward.  When  these  measures  failed  the  blindness  lasted  from 
four  to  six  hours,  without  interruption,  and  then  gradually  disappeared. 
Repeated  careful  examinations  of  the  eyes  revealed  a  marked  paleness  of 
the  retina,  pulsation  of  the  veins  and  arteries,  a  transparency  of  the  vessels, 
and  a  concentric  diminution  of  the  visual  field  for  all  colors. 

At  this  place  the  author  wishes  to  express  his  best  thanks  to  his  col- 
league, Dr.  Eversbusch,  of  Erlangen,  who  was  good  enough  to  work 
out  a  small  collection  of  the  ocular  disturbances  and  diseases  which 
occur  in  chlorosis.  The  notes  he  so  kindly  furnished  are  published 
unchanged  : 

"  The  ocular  diseases  occurring  in  chlorosis  are  usually  partly  or 
wholly  due  to  the  state  of  weakness  caused  by  the  underlying  disease. 
This  is  specially  true  of  the  weakness  of  accommodation,  which  is  prone 
to  occur  when  the  eyes  are  hypermetropic.  This  is  not  infrequently 
combined  with  a  hyperesthesia,  in  consequence  of  which  all  constant 
close  work  produces  asthenopic  symptoms.  The  complaints  of  bad 
vision  and  of  flickering  before  the  eyes  are  frequently  also  due  to  de- 
creased retinal  energy,  which  manifests  itself  as  asthenopia  retinalis,  as 
hemeralopia,  or  as  a  concentric  diminution  of  the  visual  field. 

"  The  ocidar  background  is  more  or  less  pale.  An  exact  decision 
in  this  respect,  however,  is  more  or  less  difficult,  since  the  color  of  the 
optic  disc  and  of  the  chloroid  membrane  is  subject  to  great  physiologic 
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variations.  Nevertheless,  there  are  cases  in  which  the  fundus  oculi 
seems  unusually  pale.  The  most  striking  phenomenon,  however,  is  the 
transparency  of  the  retinal  vessels ;  where  two  vessels  cross,  the  con- 
tours of  the  one  may  be  distinctly  made  out  through  the  walls  of  the 
other — something  which  is  not  seen  in  the  normal  eye.  Under  normal 
conditions,  moreover,  the  vascular  walls  are  not  visible,  while  in  chlo- 
rosis both  the  arteries  and  the  veins  of  the  retina  give  a  bright  reflex, 
sometimes  narrow  and  faintly  outlined,  sometimes  broader  and  more 
distinct.  Pulsation  is  observed  not  only  in  the  retinal  veins  in  their 
course  through  the  optic  disc  and  the  adjacent  portions  of  the  retina, 
but  as  a  result  of  the  marked  diminution  of  blood-pressure  the  retinal 
arteries  also  pulsate  spontaneously,  and  there  is  a  more  or  less  distinct 
movement  in  their  peripheral  ramifications.  Sometimes,  strange  to  say, 
there  is  present  a  marked  degree  of  arterial  hyperemia,  so  that  the 
vessels  are  of  a  normal  red  color  and  the  total  cross-section  of  the 
arteries  in  the  optic  disc  seems  to  be  larger  than  normal.  Such  condi- 
tions are  found  even  in  eyes  which  are  otherwise  perfectly  healthy. 

"  Sometimes  there  is  observed  a  pronounced  neuritis  and  neuroreti- 
nitis,  with  or  without  degenerative  changes  (more  or  less  numerous, 
irregular  hemorrhages  and  reddish-gray,  yellowish-white  or  whitish 
spots  of  exudate),  and  these  may  be  so  distinct  that  the  appearance 
simulates  that  of  nephritic  neuroretinitis.  Gowers  and  William  state 
that  they  always  found  a  mild  degree  of  hypermetropia  in  their  patients. 
Since  a  slight  congestion  of  the  optic  disc  is  often  present  in  such  cases, 
it  is  quite  possible  that  this  might  intensify  the  neuritic  changes  caused 
by  the  condition  of  the  blood. 

"Edema  of  the  lids  is  also  worthy  of  mention.  The  lower  lids  are 
particularly  affected.  The  edema  may  disappear  spontaneously  with 
the  improvement  of  the  general  condition,  or  like  the  ueuroretinitic 
change  rapid  disa{)pearance  and  complete  recovery  may  follow  the 
administration  of  iron. 

"  Scleritis,  which  is  not  uncommon  in  chlorotics,  is  a  much  more 
serious  affection.  Seroplastic  iridocyclitis  and  exudative  (non-purulent) 
choroiditis,  which  are  characterized  by  photophobia  and  more  or  less 
marked  opacities  of  the  vitreous  humor,  may  sometimes  be,  at  least 
indirectly,  due  to  chlorosis.  They  are  worthy  of  particular  attention, 
since  they  may  cause  permanent  opacities  of  the  cornea  and  of  the  lens, 
and  gradually  produce  blindness  as  a  result  of  a  detachment  of  the 
retina. 

"  Finally,  trigeminal  neuralgias,  particularly  of  the  supra-orbital 
branch,  may  be  encountered  in  chlorosis,  and  these  are  often  combined 
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with  vasomotor  symptoms  in  tlie  areas  supplied  by  the  diseased 
nerves." 

lu  concluding,  the  author  will  give  a  short  series  of  statistics  from 
his  own  clinical  records.  Careful  examinations  of  the  eyes,  mostly  under 
the  control  of  specialists,  were  made  in  46  cases  of  chlorosis.  Disre- 
garding congenital  anomalies  and  ocular  diseases  that  could  have  had 
nothing  to  do  with  chlorosis  there  was  found  : 

A  normal  condition  in  22  patients. 

Unusually  pale  retinae  and  transparent  vessels  in  17  patients. 

Arterial  pulsation  outside  of  the  papillae  in  5  patients. 

Vcnou.s  pulsation  in  3  patients. 

Choroiditis  pigmentosa  in  1   patient. 

Diffuse  white  spots  in  the  vicinity  of  the  papillae  in  1  patient. 

Concentric  diminution  of  the  visual  field  in  7  patients. 

[Englehardt  ^  reports  a  case  of  chlorosis  in  a  girl  of  eighteen,  in 
which  optic  neuritis  and  symptoms  suggestive  of  brain  tumor  developed. 
There  was  at  first  poor  vision,  dilated  and  non-reactive  pupils,  swollen 
optic  papillre  surrounded  by  hemorrhages  and  white  streaks,  a  loss  of 
the  sense  of  smell,  and  weakness  and  paresthesia  of  the  right  hand  and 
arm.  Later  epileptiform  seizures  developed  ;  paresis  of  the  right  facial 
nerve,  increasing  weakness  and  anesthesia  of  the  right  arm  and  right 
side  of  the  body.  Loss  of  temperature-sense  and  diminution  of  the 
sense  of  pain  came  on.  Finally  the  patient  died,  and  at  the  autopsy 
no  lesion  of  the  brain  was  found,  but  simply  evidences  of  general 
anemia  and  a  dry  condition  of  the  brain  substance. 

In  a  similar  communication  by  Neave  ^  is  recorded  a  case  of  chlo- 
rosis in  a  woman  of  thirty-one,  with  symptoms  strongly  suggestive  of 
cerebral  thrombosis,  but  the  patient  eventually  recovered. — Ed.] 

THE  SKIN. 

The  condition  of  the  skin  in  chlorosis  has  already  been  discussed. 
We  refer  to  the  section  upon  General  Symptomatology  and  to  the  descrip- 
tion of  the  chlorotic  disturbances  of  the  circulation.  Nevertheless,  it 
may  be  well  to  briefly  review  what  has  previously  been  said. 

The  following  cutaneous  phenomena  are  observed  : 

1.  Anemia  of  the  Skin. — Apart  from  the  general  pallor  of  the 
skin  and  its  greenish-yellow  tinge  (see  page  363),  we  would  mention 
the  occurrence  of  angiospasms,  which  render  anemic  the  individual 
peripheral  districts  (fingers,  hands,  feet,  leg,  tip  of  the  nose)  for  varying 

1  Miinch.  Med.  Woch.,  No.  36,  1900.  '  Lancet,  July  28,  1900. 
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periods  of  time,  and   which  are  usually  accompanied  by  paresthesias, 
by  hyperesthesias,  or  by  actual  pain  (see  pages  362  and  396). 

2.  Hyperemia  of  the  Skin. — The  tendency  to  temporary  dila- 
tions of  the  blood-vessels  is  in  marked  contrast  to  the  paleness  of  the 
skin.  These  fleeting  hyperemias  usually  aifect  the  face  and  the  upper 
part  of  the  chest.  The  frequency  of  their  occurrence  varies  greatly 
with  the  individual  patient  (see  page  357).  In  many  chlorotics  there 
is  a  permanent  hyperemia  of  the  skin  of  the  face ;  this  condition  is 
designated  as  "  chlorosis  rubra."  In  other  patients,  the  hands,  and 
particularly  the  fingers,  are  the  seat  of  a  temporary  or  of  a  permanent 
hyperemia.  Sometimes  there  is  marked  pain  in  addition  to  the  conges- 
tion of  the  skin  of  the  finger,  and  this  condition  is  known  as  erythro- 
melalgia  (see  page  397). 

[Marked  flushing  of  the  skin  may  quickly  give  place  to  an  ashy 
pallor  under  excitement,  anxiety,  etc.  One  writer  has  referred  to  this 
variety  as  palpitation  in  the  capillary  circulation. — Ed.] 

3.  The  Secretion  of  Sweat. — In  chlorosis  the  amount  of  per- 
spiration is  by  no  means  uniform.  In  the  majority  of  cases  anomalies 
are  not  to  be  observed.  The  secretion  is  frequently  diminished,  and, 
still  more  frequently,  increased.  Many  chlorotics  complain  of  sweating 
of  the  hands,  in  the  axillae,  and  between  the  breasts.  In  some  instances 
there  is  general  hyperhidrosis.  In  250  cases  of  chlorosis,  we  find  ex- 
cessive sweating  recorded  9  times ;  in  5  cases  this  symptom  disappeared 
with  the  cure  of  the  disease. 

4.  Anomalies  of  the  Secretion  of  Fat. — Seborrhea  is  fre- 
quently found  in  chlorotics. 

5.  Kxudation. — Urticaria  is  more  common  in  chlorotics  than  in 
healthy  young  girls.  In  6  of  the  250  clinical  records,  the  tendency  to 
urticaria  is  expressly  emphasized.  In  addition  the  author  must  also 
mention  2  cases  in  which  urticaria  factitia  could  be  produced  at  any 
time  during  the  height  of  the  chlorosis ;  this  was  impossible  after  the 
patients  recovered  from  the  disease.  The  occurrence  of  edema  has 
been  mentioned  on  page  402. 

6.  Chronic  eczemas  can  scarcely  be  brought  into  etiologic  rela- 
tion with  chlorosis.  Nevertheless,  if  they  are  present,  they  are  depen- 
dent upon  the  disease  to  a  certain  extent,  since  they  grow  better  and 
worse  with  corresponding  variations  in  the  course  of  the  chlorotic 
process. 

7.  Acne  simplex  is  a  very  frequent  complaint  and  brings  to  the 
dermatologist  many  (jhlorotics  who  scarcely  consider  tiieir  other  symp- 
toms.    The  seat  of  predilection  is  the  face,  particularly  ujion  the  fore- 
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head,  though  it  also  occurs  upou  the  neck  and  shoulders.  Acne  indurata 
is  frequently  present.  In  this  case  the  acne  pu??tules  must  be  opened ; 
while  in  sini])le  acne,  iron  and  arsenic  in  combination  with  the  hygienic 
and  dietetic  treatment  of  the  chlorosis  have  proved  themselves  to  be  the 
best  therapeutic  measures. 

8.  Purpura  rheumatica  is  a  rare  complication  of  chlorosis. 
Cases  of  this  character  have  been  repeatedly  observed  by  our  colleague 
Dr.  Carl  Herxheimer ;  they  rapidly  recovered  when  placed  upou  prepa- 
rations of  iron. 

9.  Pigmented  Hypertrophies  of  the  Skin  Resembling 
Chloasma. — These  spots  are  found  upou  the  forehead,  eyebrows, 
temples,  cheeks,  upper  lip,  and  chin.  These  pigmentations  come  and 
go ;  when  present  they  are  very  resistant  to  treatment  and  only  gradu- 
ally disappear  after  the  complete  cure  of  the  chlorosis. 

10.  Trophic  changes  in  the  nails  and  hair  (falling-out  of 
the  hail',  white  spots  in  the  nails,  brittleness  of  the  nails),  though  occa- 
sionally observed  in  clilorosis,  are  much  rarer  than  in  other  forms  of 
severe  anemia. 

11.  Chilblains  of  the  feet  must  also  be  mentioned  at  this  place 
(see  page  397).  For  the  relief  of  this  annoying  and  painful  affection, 
the  authors  can  warmly  recommend  inunctions  of  an  ointment  of  calx 
chlorata — calx  chloratal  gm.  (gr.  xv),  ung.  paraif.  lOgm.  (oijss) — together 
with  rubbing  and  massage. 

THE  NERVOUS  SYSTEM. 

The  mutual  relations  between  chlorosis  and  the  nervous  system 
have  been  frequently  discussed  in  the  earlier  portions  of  this  mono- 
graph. These  relations  are  reciprocal,  since  chlorosis  favors  the  out- 
break of  ])sychic  peculiarities,  general  necroses,  and  neuralgias  in  indi- 
viduals with  neuropathic  tendencies ;  vice  versa,  a  diseased  nervous 
system  which  is  weakened  in  certain  directions  will  allow  of  the  marked 
predominance  of  individual  symptoms  of  chlorosis,  consequently  favoring 
the  impression  that  these  symptoms,  dependent  upon  the  nervous  sys- 
tem, are  the  chief  trouble,  and  that  the  chlorosis  is  but  a  subsidiary 
affection.  While  admitting  this  and  recognizing  tliat  chlorosis  is  accom- 
panied by  many  sym]>toms  which  are  also  well-known  signs  of  a  neu- 
ropathic predisposition,  some  authors  go  still  further,  claiming  that 
chlorosis  is  a  neurosis  and  that  all  its  individual  symptoms,  deficient 
blood-formation  iiu-lnded,  arc  immediately  dependent  upon  the  diseased 
nervous  system.  This  theory,  which  has  already  been  repeatedly  men- 
tioned, does  not  seem  to  be  worthy  of  a  serious  discussion. 
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The  psychic  condition  of  chlorotics  and  the  nervous  anomalies  in  the 
circulatory,  respiratory,  and  digestive  organs  have  been  fully  considered 
at  pages  361,  389,  397,  404,  and  406. 

It  will  be  sutticient  to  review  briefly  the  most  important  anomalies 
of  the  nervous  system  that  are  dependent  upon  chlorosis,  or  that  are 
independent  affections  complicating  the  course  of  the  disease. 

1.  Psychoses. — It  has  been  repeatedly  pointed  out  that  chlorosis 
diminishes  the  activity  of  the  mental  faculties  in  general  and  produces 
a  condition  of  irritable  weakness  similar  to  mild  neurasthenia.  The 
degree  in  which  the  weariness  and  irritability  are  present  varies  greatly 
and  depends  upon  the  particular  disposition  of  the  patient.  A  parallel 
between  the  severity  of  the  anemia  and  the  severity  of  the  psychic 
alterations  is  not  to  be  observed.  More  exact  psychophysic  investiga- 
tions in  reference  to  the  degree  and  progress  of  these  disturbances  are 
as  yet  wanting. 

More  marked  conditions  of  exhaustion  may  proceed  from  these 
milder  disturbances,  particularly  in  the  form  of  acute  dementia  ;  milder 
grades  may  occasionally  be  due  to  chlorosis ;  this  condition  much  more 
rarely  results  from  idiocy. 

In  youthful  individuals  who  are  predisposed  to  periodic  insanity 
chlorosis  may  sometimes  be  responsible  for  the  first  attacks,  which  are 
in  the  form  of  melancholia.  These  may  disappear  completely  for  a 
time,  but  again  make  their  appearance  upon  certain  occasions  later  in 
life.  Since  this  mental  affection  is  usually  dependent  upon  consti- 
tutional predisposition,  and  only  the  individual  attacks  are  due  to 
external  conditions,  opinions  are  naturally  divided  in  reference  to  the 
importance  of  the  influence  of  such  exciting  causes.  Nevertheless,  it  can 
not  be  denied  that  a  pronounced  disturbance  of  nutrition,  such  as  that 
produced  by  chlorosis,  is  sometimes  of  importance  for  the  development 
of  the  first  attacks.  Periodic  insanity,  a  mental  disturbance  which  is 
thorougli  constitutional,  and  the  attacks  of  which  usually  have  a  definite 
inherited  character,  is  not  further  influenced  by  the  course  of  the  chlo- 
rosis ;  the  paroxysms  once  introduced,  pursue  an  independent  course. 

The  acute  curable  forms  of  mental  disturbance,  on  the  contrary,  are 
dependent  upon  the  course  of  the  chlorosis,  inasmuch  as  they  are  caused 
by  the  chlorosis  and  by  the  nutritive  anomalies  whicsh  arc  associated 
with  the  disease.  The  mental  afiection  disappears  witli  increasing  im- 
provement of  the  physical  condition. 

2.  Hysteria  in  its  manifold  forms  is  by  far  the  most  frequent 
anomaly  of  the  nervous  system  which  is  encountered  in  chlorosis.  It 
is  difficult  to  formulate  an  accurate  opinion  upon  its  occurrence,  since 
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the  conception  of  hysteria  is  so  largely  dependent  upon  the  individual 
making  the  diagnosis,  and  since  it  is  also  important  to  consider  the 
locality  and  the  class  of  society  in  which  the  patient  is  found.  On  the 
wliolc,  almost  every  physician  has  the  impression  that  hysteric  symp- 
toms are  much  more  frequent  in  chlorotic  than  non-chlorotic  women  of 
the  same  age  and  of  the  same  position  in  life.  These  hysteric  ])he- 
nomena  are  usually  unimportant ;  Me  may  even  be  in  doubt  as  to 
whether  the  anomalies  of  sensation,  of  the  disposition,  and  of  the  will 
are  to  be  regarded  as  the  results  of  hysteria  or  as  the  natural  conse- 
quences of  the  physical  discomfort  and  weakness. 

Hysteria  more  rarely  manifests  itself  in  abnormalities  of  function 
of  individual  organs  or  of  circumscribed  portions  of  the  body.  The 
figures  given  below  can  naturally  make  no  claim  to  universal  applica- 
tion, since  they  were  largely  obtained  in  hospitals,  and  the  character  of 
the  material  under  observation  was  consequently  limited. 

Of  255  chlorotics,  30  had  pronounced  hysteric  symptoms  as  indi- 
cated in  the  table.     These  hysteric  symptoms  were  as  follows  : 

Hysteric  paralyses  of  the  extremities 5  times. 

"  laryngeal  paralyses  (aphonia) 3     " 

"  mutism 2     " 

"  convulsions 6     " 

"  catatonia 1  time. 

"  hemianalgesia 7  times. 

"  circimiscribed  analgesia 2     " 

"  anesthesia  of  the  pharynx 10     " 

"  vagus  neurosis  (v.  Isoorden) 4     " 

"  insanity 1  time. 

"  globus      12  times. 

"  dysuria 3     " 

"  tachycardia 20     " 

"  tachypnea 13     " 

"  vomiting 9     " 

3.  Neuralgias. — By  true  neuralgias  we  do  not  mean  the  occasional 
occurrence  of  pain  in  this  or  that  set  of  nerves,  but  a  chronic  diseased 
condition  with  exacerbations,  remissions,  and  pauses.  Such  true  neu- 
ralgias are  rare  in  chlorosis,  corresponding  to  the  infrequency  with  which 
such  neuralgias  are  encountered  in  individuals  of  the  same  age  as  chlo- 
rotic patients.  They  may  constitute  a  purely  accidental  complication 
and  are  then  scarcely,  if  at  all,  influenced  by  the  course  of  the  chlorotic 
process.  In  other  instances  tlioy  are  strikingly  dependent  upon  chlo- 
rosis ;  they  come  and  go  with  the  disease  and  their  intensity  is  depend- 
ent upon  its  variations.  They  react,  as  does  the  anemia,  to  the  admin- 
istration of  iron,  and  sometimes  still  better  when  the  iron  is  combined 
with  arsenic.  The  favorite  location  of  neuralgias  dependent  upon  chlo- 
rosis is  the  region  supplied  by  the  trigeminus,  particularly  by  the  oph- 
thalmic division. 
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The  following  statistics  will  show  the  frequency  of  the  neuralgias. 
Of  255  chlorotics  : 

Neuralgias  of  the  ophthalmic  division  of  the  fifth  nerve 3 

"  ''         inferior  miixillary  division  of  the  fifth  nerve 2 

"  "         brachial  plexus 2 

Mastodynia 2 

Sciatica 1 

4.  Chorea  minor  is  not  to  he  regarded  as  a  neurosis  intimately 
associated  with  chlorosis,  but  it  manifests  itself  as  an  independent  com- 
plication. It  can  not  be  denied  that  chlorotics  show  a  certain  predis- 
position for  chorea  ;  among  adult  females  with  chorea  there  are  many 
who  are  at  the  same  time  chlorotic.  The  tendency  of  chlorotics  to 
develop  chorea  in  hospitals  may  sometimes  be  very  distinctly  demon- 
strated. In  the  Second  Medical  Clinic  of  Berlin  the  author  has 
repeatedly  observed  how  chorea  spread  from  one  patient  to  several 
others,  showing  particular  preference  for  chlorotics.  We,  therefore, 
insisted  upon  placing  the  girls  with  St.  Vitus'  dance  as  far  as  possible 
from  their  chlorotic  companions  in  the  same  ward. 

[C.  W.  Burr  studied  the  blood  of  a  series  of  cases  of  chorea,  and 
found  that  anemia  and  chlorosis  are  much  less  frequent  and  pronounced 
than  is  usually  believed. — Ed.] 

Other  anomalies  of  the  nervous  system,  which  manifest  themselves 
in  various  portions  of  the  body,  will  be  found  discussed  in  other  sections. 

THE  STATE  OF  NUTRITION.    METABOLISM. 
THE  CONDITION  OF  THE  URINE. 

BODY-WEIGHT. 

According  to  the  statements  of  the  text-books,  chlorosis  does  not 
interfere  with  nutrition  in  general.  It  is,  of  course,  pointed  out  that 
the  disease  shows  a  particular  preference  for  individuals  whose  physical 
development  has  been  somewhat  retarded,  girls  with  thin  slender  bones 
and  with  a  deficient  development  of  the  muscles  and  of  the  adijwse 
tissue.  Quite  independently  of  this,  the  additional  question  as  to  whether 
chlorosis  is  prejudicial  to  tiie  condition  of  nutrition  is  answered  in  the 
negative.  We  frequently  find  the  statement  that  chlorosis  is  accom- 
panied by  relaxation  and  deficiencies  of  the  musculature,  but  that  it 
favors  the  development  of  the  panniculus  adiposus.  These  statements 
are  explained  by  reference  to  some  of  the  older  investigations  upon 
metabolism  by  J.  Bauer,'^'  Jiirgensen,''-  and  A.  Fnhikel,''-"  who  found 
that  experimental  anemias  caused  an  increase  of  albuminous  decomposi- 
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tion  (or  of  muscular  atrophy)  aud  a  diminution  of  the  respiratory  inter- 
change of  gases  (or  a  diminution  of  the  metabolism  of  the  fats). 

We  have  nothing  to  add  to  the  general  opinion  which  is  prevalent 
in  the  literature  upon  the  subject.  From  our  own  observations,  which 
have  been  directed  particularly  to  this  })oint,  it  can  not  be  said  that 
chlorosis  exercises  a  deleterious  influence  upon  the  general  nutrition. 
It  is  true  that  many  chlorotics  are  seen,  in  hos])itals  and  in  private  prac- 
tice, who  not  only  have  been  originally  poorly  nourished  and  who  con- 
tinue to  be  so  throughout  the  course  of  the  disease,  but  who,  though 
previously  well-developed,  suffer  from  loss  of  weight,  loss  of  fatty 
tissue,  and  relaxation  of  the  muscles  during  the  chlorotic  attack.  At 
least  one-half  of  the  patients  who  enter  hospitals  have  suffered  from 
such  more  or  less  pronounced  losses  ;  in  the  better  classes,  such  a  con- 
dition of  affairs  is  much  less  frequent. 

In  72  clinical  histories  we  found  statements  in  reference  to  the  pre- 
vious condition  of  the  general  nutrition  : 

Among  these  29  had  retained  their  corpulence  and  body-weight  in 
spite  of  the  disease.  Of  these  13  were  treated  in  private  practice,  16 
were  in  hospitals. 

In  35  patients  there  was  a  decided  loss  in  corpulence  and  body- 
weight  during  the  disease  (6  from  private,  29  from  hospital  practice). 
In  8  patients  a  considerable  gain  in  weight  occurred  during  the  course 
of  the  disease  (6  from  private,  2  from  hospital  practice). 

[Houston^  has  shown  that  the  fluctuations  in  weight  are  largely 
dependent  upon  the  degree  of  hydremia  of  the  blood  and  tissues. — Ed.] 

The  chlorosis  is  less  responsible  for  the  retrogression  of  the  nutritive 
processes  than  are  certain  subsidiary  circumstances — the  neglect  of 
treatment,  exhausting  occupations  when  the  capacity  for  work  is  dimin- 
ished, and,  particularly,  food  that  is  not  adapted  to  the  diseased  con- 
dition. We  can  not  expect  chlorotic  girls  to  do  themselves  justice  at 
the  family  table,  in  spite  of  their  many  annoying  symptoms,  which  are 
sometimes  constant  and  sometimes  of  a  most  variable  and  intermittent 
character.  If  the  necessary  attention  is  not  paid  to  this  point,  as  is  so 
frequently  the  case  from  social,  pecuniary,  or  other  reasons,  the  chlorotics 
do  not  receive  sufficient  nourishment  and  consequently  lose  in  weight. 
The  rapid  improvement  caused  by  suitable  food  shows  that  this  emacia- 
tion is  the  result  of  unfavorable  external  conditions,  and  not  of  the  dis- 
ease. If  the  food  is  of  the  proper  quality  and  given  at  appropriate 
intervals,  with  regard  for  the  demands  of  the  diseased  organism,  the 
amount  need  not  be  excessively  increased  nor  must  it  necessarily  con- 

I  Brit.  Med.  Jour.,  June  14,  1902. 
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tain  an  increased  number  of  nutritive  units  (calories),  in  order  to  rapidly 
cause  an  im])rovenient  in  the  body-weight. 

In  75  clinical  histories  (not  picked  cases)  from  the  Second  Medical 
Clinic  of  Berlin,   we  found  the  following  statements  in  reference  to 
changes  in  the  body-weight  within  the  two  or  four  weeks  of  treatment : 
The  weekly  increase  of  weight  was 

0.2-0.5  kg.  (0.44-1.1  pounds)  in  15  patients. 
0.5-1.0  "     (  1.1-2.2       "      )  "  29 
1.0-1.5  "     (  2.2-3.3       "      )  ''  17         " 
1.5-2.0  "     (  3.3-4.4      "      )  "     7         " 
2.0-2.5  "     (  4.4-5.5       "      )  "     2         " 
2.5-3.0  "     (  5.5-6.(3       ''      )  "     3         " 
In  2  instances  there  was  a  decrease  of  body-weight. 
We   will   return  to  the  condition  of  nutrition    in   general   after  the 
<;onsideration  of  the  investigations  in  reference  to  the  interchange  of 
gases  and  the  metabolism  of  the  albumins. 

THE  RESPIRATORY  INTERCHANGE  OF  GASES. 
There  was  formerly  a  universal  supposition,  based  upon  the  experi- 
ments of  J.  Bauer/'-'^  that  anemia  decreases  the  absorption  of  oxygen 
and  the  production  of  carbonic  acid  ;  in  other  words,  the  entire  meta- 
bolic process.  Accurately  speaking,  this  theory  is  applicable  only  to  the 
acute  anemias  of  animals  (after  venesection),  but  it  has  been  readily 
transferred  to  all  clinical  forms  of  anemia.  In  the  meantime,  the  fault- 
less investigations  of  Giirber^^*  have  demonstrated  the  untenableness  of 
:the  former  conception.  The  process  of  combustion  remains  normal  not 
only  immediately  after  prolonged  bleedings,  but  permanently  so — /.  c, 
until  the  previous  hemoglobin  percentage  has  been  reestablished.  There 
was,  if  anything,  a  slight  increase,  rather  than  a  decrease,  of  the  com- 
bustion of  oxygen.  We  lay  no  special  value  upon  animal  experimenta- 
tion when  it  is  utilized  to  explain  the  symptoms  of  chronic  disease. 
Mnch  more  important  are  the  exact  determinations  of  the  respiratory 
interchange  of  gases  in  chlorotic  individuals. 

Author                                                    ^  consumed  per  CO..  eliminated  per  Respiratory- 
kilo  per  minute.  kilo  per  minute.  quotient. 
F.  Krausi"^: 

Observation  1 5.110  c.c.  3.700  c.c.  0.722 

"             2 5.480  "  4.000   "  0.727 

"             3 5.710  "  4.250   "  0.742 

Bohland  "*« : 

Observation  1 4.620  "  4.200   "  0.010 

„             o  '    i"  the  beginning  5.308  "  5.007   "  0.940 

"X  later 3.056  "  2.866   "  0.040 

The   ex])eriments   were   carried   out   according  to  the   procedure  of 

iGeppert.^pd  Zuntz,  which  has  proved  itself  to  be  of  great  value  in  the 
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solution  of  important  clinical  and  physiologic  questions.  In  order  to 
appreciate  these  tables  we  must  be  familiar  with  the  normal  figures.  In 
healthy  individuals  of  moderate  weight,  who  are  fastino;  and  at  rest — 
?.  c,  under  the  same  conditions  as  existed  during  the  above-quoted 
experiments — we  find  the  following  values  : 

O  consumed  3.5-4.5  c.c.  per  kilo  per  minute. 
CO2  eliminated  2.5-3.5  "  "  "  "  " 
In  these  experiments  the  deciding  weight  is  always  to  be  placed  upon 
the  consumption  of  oxygen,  since  the  elimination  of  the  CO2  produced 
is  not  always  uniform,  and  the  normal  respiratory  quotient  is  conse- 
quently subject  to  considerable  variations.  In  complete  contradiction 
of  the  previous  views,  we  consequently  find  that  the  respiratory  inter- 
change of  gases  in  chlorosis  is  rather  increased  than  diminished.  In- 
vestigations in  other  anemias  gave  the  same  result  (pernicious  anemia, 
leukemia,  secondary  anemia  of  carcinoma,  anchylostoma  anemia)  a 
slight  increase  of  all  the  processess  of  oxidation,  consequently,  seems  to 
regularly  accompany  all  anemic  conditions.  We  would  explain  this  by 
recalling  the  fact  that  the  anemic  quality  of  the  blood  increases  the 
work  of  the  heart  and  of  the  respiratory  apparatus.  The  experiments, 
however,  are  not  sufficient  to  determine  whether  the  increased  work  of 
the  heart  and  of  the  respiratory  muscles  are  of  themselves  sufficient  to 
explain  the  increase  of  the  respiratory  interchange  of  gases.  In  chlo- 
rosis there  are  still  other  factors  to  which  attention  must  be  devoted. 
Chlojotics  not  infrequently  have  an  enlarged  thyroid  gland  and  present 
other  symptoms  which  remind  us  of  rudimentary  Basedow's  disease. 
Now,  we  know  that  in  artificial  thyroidism  (administration  of  thyroid 
gland)  and  in  natural  thyroidism  (Basedow's  disease)  the  processes  of 
oxidation  are  increased.  Still,  further  investigation  is  necessary  in  this 
fruitful  field  of  labor  to  determine  whether  the  thyroid  gland  has  not  an 
influence  upon  the  increase  of  the  processes  of  oxidation  in  chlorosis. 

THE  METABOLISM  OF  THE  ALBUMINS. 

Like  the  views  in  reference  to  the  respiratory  interchange  of  gases,. 
the  theories  of  the  metabolism  of  the  albumins  were  for  a  long  time 
dominated  by  the  results  of  animal  experimentation.  The  first,  and  up 
to  this  time  the  only,  experiment  which  attempted  to  solve  this  question 
at  the  bedside  was  made  by  Lipnian-AViilf  "  under  the  authors' direction. 

Case  1.  Ella  B.,  seventeen  years  of  aere  ;  wei<xht,  48.  ksr.  r94  lb.). 
At  the  time  of  the  experiment  the  blood  contained  2,500,000  red  blood-cor- 
puscles to  the  c.mni.  The  dried  residue  of  the  blood  amounted  to  15.35. 
per  cent.,  which  corresponded  to  about  6  per  cent,  of  hemoglobin. 
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Case  2.  Alma  L.,  seventeen  years  of  age ;  weight,  60  to  61  kg.  (132- 
134  lb.).     The  dried  residue  of  the  blood  amounted  to  15.1  per  cent. 

Case  3.  Bertha  L.,  twenty  years  of  age  ;  weight,  604-  to  62  kg.  (133- 
136.4  lb.).  The  blood  contained  3,750,000  red  blood-discs  and  8000  leuko- 
cytes to  the  c.mni.  The  dried  residue  of  the  blood  was  13.1  per  cent,  cor- 
responding to  4.5  to  5  per  cent,  of  hemoglobin. 


Food  daily  ingested. 

Calories 
per  kg. 

Daily 

elimination 

of  N. 

Duration 

of 

experiment. 

Nitrogenous 

balance  for 

the  entire 

experiment. 

Case. 

N. 

Fat. 

Carbo- 
hydrates. 

1 

2 
3 

12.90  gm. 
13.06    " 
12.78    " 

86  gm. 
98     " 
94     " 

204  gm. 
250     " 
240     " 

about  38.0 
"      37.0 
"      37.6 

12.8  gm. 
12.7    " 
12.7    " 

7  days. 

7     " 
5      " 

0.403  gm. 
2.597     " 
0.474    " 

From  the  figures  of  the  table,  we  would  claim  that  there  is  a  nitro- 
genous equilibrium  upon  the  ingestion  of  albumins  and  an  average 
diet ;  the  metabolism  of  the  albumins  was  entirely  normal.  We  regard 
the  question  of  the  metabolism  of  the  albumins  in  the  ordinary  cases 
of  severe  chlorosis  as  solved  by  these  observations,  the  smallest  details 
of  which  were  accurately  carried  out  and  free  from  every  possible  objec- 
tion, but  think  that  the  investigation  should  be  further  extended  to 
those  cases  which  present,  in  addition,  the  symptoms  of  Basedow's  dis- 
ease. The  absence  of  every  pathologic  decomposition  of  the  albumins 
in  our  cases  would  theoretically  indicate  that  destructive  toxic  effects 
upon  the  protoplasm  of  the  patients  play  no  role  in  the  disease.  We 
mention  this,  since  many  authors  trace  chlorosis  to  an  enterogenic  intox- 
ication. 

In  addition  to  the  investigations  of  Lipman-AVulf,  Schiicklng  has 
also  experimented  upon  the  subject  of  metabolism  ;  unfortunately,  this 
work  was  unknown  to  us  at  the  time  of  Lipman-Wulf's  publication. 
The  experiment  of  Schiicking  ^^"^^  does  not  positively  show  that  the 
metabolism  of  the  albumins  was  normal  in  his  patient. 


THE  GENERAL  NUTRITIVE  CONDITION. 

We  have  seen  that  many  chlorotics  emaciate  during  the  course  of 
the  disease,  and  have  traced  this  to  unfitvorable  conditions  of  the  diet. 
We  have  also  agreed  with  the  statements  of  other  authors  that  some 
chlorotics  become  stouter  and  gain  in  weight  during  the  course  of  the 
disease.  What  is  the  explanation  ?  If  the  patients  gain  in  weight  tlie 
nutritive  supply  must  be  greater  than  the  demand — the  gain  in  ])otential 
energy  is  greater  than  the  out])ut  of  actual  force  (work  and  heat). 
Which  factor  is  responsible  for  the  disturbance  of  the  condition  of 
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equilibrium  in  these  cases?  In  most  cases  the  cause  is  to  be  found  in 
both  factors. 

In  considering  the  output,  the  diminution  of  the  energy  of  oxida- 
ti(m  can  no  longer  be  con.^idered  ;  under  the  same  external  conditions 
chlorotics  consume  just  as  mueh  material  as  do  healthy  individuals  (see 
p.  444).  The  causes  must  be  sought'  elsewhere.  The  majority  of  the 
chlorotics  who  gain  markedly  in  weight  during  the  course  of  the  dis- 
ease, particularly  in  the  independent  classes,  do  not  expend  a  great  deal 
of  muscular  energy.  They  sleep  late,  rest  frequently  during  the  day, 
and  limit  their  movements  on  account  of  the  ready  appearance  of 
fatigue,  so  that  they  perform  a  smaller  amount  of  work  than  do  their 
fellows  of  the  same  age  under  similar  conditions  of  life.  To  this  is 
added  a  diminished  radiation  of  heat  from  the  surface  of  the  body. 
The  skin  of  chlorotics  is  anemic  to  a  marked  degree ;  the  cutaneous 
vessels  are  of  small  caliber,  and  the  patients  are  consequently  subject 
to  sensations  of  chilliness,  which  may  be  increased  to  icy  coldness  if 
there  is  added  a  spasmodic  contraction  of  the  cutaneous  capillaries. 
The  chlorotics,  chilling  easily,  like  to  clothe  themselves  warmly  and 
cautiously  avoid  exposing  themselves  to  cold.  They  voluntarily  limit 
the  radiation  of  heat,  and  the  cutaneous  cells,  consequently,  do  a  less 
amount  of  work.  In  order  to  avoid  being  misunderstood,  the  author 
must  again  point  out  that  when  external  conditions  are  exactly  the  same 
no  difference  can  be  found  in  the  combustion  of  material  in  healthy  and 
in  chlorotic  individuals  (same  combustion  of  O,  see  above).  Chlorotics, 
however,  voluntarily  and  involuntarily  produce  diflferent  external  condi- 
tions, and  their  total  production  of  heat  and  of  living  energy  is  less  than 
the  average. 

Let  us  now  consider  the  other  factor  in  the  question — the  nutritive 
supply.  If  we  carefully  determine  what  these  patients  who  take  on 
flesh  actually  eat,  and  calculate  the  caloric  value  of  the  food  ingested, 
we  always  obtain  nutritive  values  which  readily  explain  the  increase  in 
weight.  A  chlorotic  individual  who  subjects  herself  to  little  physical 
effort  requires  for  lier  maintenance  a  diet  which  furnishes  only  about 
34  to  38  calories  per  day  per  kilogram  (2.2  lb.).  In  those  chlorotics 
who  had  gained  weight  before  they  came  under  treatment,  and  who 
were  still  gaining,  we  could  always  ctdculate  a  much  higher  caloric 
value  of  their  diet.  These  cases  were  usually  girls  in  well-to-do  fami- 
lies, where  it  was  insisted  upon  that  the  chlorotics  should  drink  a  con- 
siderable quantity  of  the  very  best  quality  of  milk.  This  is  a  feature 
of  the  present  time.  The  milk  cure  is,  indeed,  regarded  as  a  universal 
remedy,  and  the  amount  often  consumed  is  astonishing.     If  we  reflect 
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that  1  L.  (1.056  qt.)  of  good  rich  milk  has  a  nutritive  vahie  of  about 
640  calories,  and  further  consider  that  many  chlorotics  drink  2  L. 
(2.112  qt.)  and  more  per  day  without  any  particular  medical  advice, 
we  see  that  the  patient  receives  about  1280  calories  from  this  source 
alone.  A  girl  weighing  about  55  kg.  (121  lb.)  does  not  require  more 
than  2100  calories  at  most.  A  very  small  quantity  of  other  food  needs 
to  be  added  to  the  2  L.  of  milk  to  supply  the  remaining  800  calories,  and 
anything  beyond  this  must  result  in  the  gain  of  so  much  adipose  tissue. 
From  our  investigations  we  must  assert  that  chlorotics  tend  to  store 
up  adipose  tissue,  because  they  try  to  limit  the  amount  of  work  per- 
formed and  the  heat  produced,  with  no  corresponding  diminution  of  the 
amount  of  food  ingested,  sometimes  even  increasing  it  above  the  normal 
average.  This  well-known  phenomenon  is  consequently  due  to  the  work- 
ing of  a  very  simple  formula  and  the  subject  is  freed  of  all  mysticism. 

THE  METABOLISM  OF  HEMOGLOBIN  AND  OF  IRON. 

We  now  enter  upon  a  domain  which  has  been  rather  thoroughly  ex- 
plored in  a  certain  direction  in  recent  years  and  in  which,  until  a  short 
time  ago,  the  greatest  confusion  existed.  In  another  direction,  how- 
ever, there  has  been  almost  no  scientific  work.  We  may  expect  great 
results  from  its  thorough  investigation,  which  will  be  of  material  value 
in  formulating  a  correct  theory  as  well  as  in  the  prophylaxis  and  treat- 
ment of  the  disease. 

In  the  chlorotic  process,  as  has  been  previously  stated,  the  hemo- 
globin percentage  falls,  and,  in  the  second  place,  there  is  also  a  decrease 
of  the  number  of  red  blood-cells.  How  are  the  oligochromemia  and 
the  oligocythemia  produced  ?  They  may  naturally  be  assumed  to  occur 
in  three  ways  : 

1.  A  more  marked  destruction  of  hemoglobin,  or  of  the  corpuscles. 

2.  Diminished  formation. 

3.  A  combination  of  both  processes. 

The  question  has  appeared  and  rea])peared  ever  since  chlorosis  has 
had  a  literature.  Many  answers  have  been  given ;  the  most  frequent 
one — particularly  in  the  older  medical  classics — was  that  the  chief  fault 
was  to  ha  found  in  the  f  )rmation  of  the  blood.  To  our  mind  it  seems 
of  little  purpose  to  detail  all  the  theories  and  hypotheses  that  have  had 
an  influence  in  answering  this  important  question.  We  must  lay  all 
theories  aside  and  consider  only  those  few  points  that  are  firmly  estab- 
lished and  which  may  furnish  the  basis  of  further  investigation. 

Significance  of  Blood  ^Examinations. — In  the  present  state 
of  our  knowledire  the  condition  of  the  blood  can  furnish  us  with  no  in- 
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disputable  evidence.  The  isolated  occurrence  of  nucleated  blood-discs 
(normoblasts,  see  p.  375)  would,  indeed,  indicate  attempts  at  regen- 
eration ;  if  anemia  develop,  in  spite  of  active  regeneration  of  the 
blood,  the  destruction  of  the  blood  must,  of  course,  be  abnormally  in- 
creased. As  a  matter  of  fact,  the  occurrence  of  normoblasts  has  been 
utilized  in  the  defence  of  that  theory  (Dunin  ^^)  which  traces  the  chlo- 
rotic  quality  of  the  blood  to  increased  blood-destruction.  A  few  scat- 
tered normoblasts  do  not  prove  that  a  general  regeneration  of  the  blood 
is  in  active  progress  in  all  of  the  blood-forming  organs ;  this  regenera- 
tion may  be  active  in  certain  localities,  and  yet  the  process,  as  a  Mhole, 
may  be  far  below  the  normal.  In  the  second  place,  we  might  theo- 
retically utilize  the  fact  that  the  hemoglobin  is  decreased  much  more 
than  the  number  of  red  blood-corpuscles.  In  those  anemias  which  are 
undoubtedly  dependent  upon  blood-destruction  (so-called  pernicious 
anemia,  secondary  anemias  from  infections  and  intoxications)  we 
observe  a  much  greater  decrease  of  the  number  of  corpuscles  than  of 
the  hemoglobin.  A  certain  antithesis,  at  least,  of  the  extremes — fresh 
cases  of  pure  chlorosis  and  of  pernicious  anemia — is  unmistakable. 
Further  investigation  is  necessary  before  we  can  decide  that  the  prin- 
cipal difference  of  the  anemic  })rocesses  is  to  be  found  in  the  two 
extreme  types  of  blood. 

I/OSSeS  of  Blood. — Another  method  for  the  solution  of  this  ques- 
tion is  offered  by  the  investigations  upon  the  metabolism  of  hemoglobin. 
The  work  of  H.  v.  Hdsslin  '^^  marks  the  first  advance  in  this  direction. 
His  first  idea  was  that  in  chlorosis  there  was  no  indication  of  an  in- 
creased destruction  of  the  corpuscles  within  the  blood-vessels,  but  that 
the  blood  showed  a  great  resemblance  to  that  resulting  from  external 
hemorrhages,  v.  Hosslin  correctly  lays  no  great  weight  upon  the  men- 
strual losses ;  they  are  common  to  all  women,  and  as  long  as  they 
remain  within  normal  limits  they  can  not  be  made  responsible  for  the 
anemia ;  moreover,  amenorrhea  and  scanty  menses  are  much  more  fre- 
quent in  chlorosis  than  is  the  opposite  condition  of  affairs,  v.  Hosslin 
suspects  the  gastro-intestinal  canal  of  being  the  site  of  the  losses  of 
blood,  these  losses  proceeding  from  the  frequent  complication  of  chlo- 
rosis with  gastric  ulcer  and  other  gastric  affections.  By  examination 
of  the  feces,  v.  Hosslin  found  the  following  amounts  of  iron  : 

Average  weight  per  gram  of  dried  feces. 
Iron.  Iron  as  hematin. 

9  healthy  girls 0.38  rag.  0.0260  mg. 

3       "         men 0.77    "  0.0430    " 

26chlorotics 0.47    "  0.0280    " 

11         "  1.13    "  0.1675    " 

5        "  2.34    "  1.1330    " 
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Greater  weight  is  to  be  laid  upon  the  values  of  the  first  column  than 
upon  the  amounts  of  iron  appearing  as  hematin,  since  the  quantitive 
determination  of  the  latter  can  not  be  exactly  carried  out.  The  figures 
seem  to  speak  for  the  supposition  of  v.  Hosslin  :  that  hemorrhages  into 
the  gastro-intestinal  canal  of  chlorotics  are  frequent.  To  conclude  that 
these  hemorrhages  are  the  cause  of  the  chlorotic  anemia  is,  however, 
quite  another  thing.  Quite  independent  of  the  accuracy  of  the  con- 
clusion, we  can  not  regard  as  established  his  most  important  premise, 
the  increased  amount  of  fecal  iron.  The  determination  of  the  amount 
of  iron  in  the  dried  feces  is  by  no  means  sufficient  for  this  purpose ;  the 
only  reliable  guide  is  the  amount  daily  excreted,  an  accurate  control 
being  kept  upon  the  food  ingested.  Such  investigations  have  not  as 
yet  been  made.  We  must  consequently  regard  the  publications  of  v. 
Hosslin  more  as  a  welcome  stimulus  to  new  work  than  as  complete 
additions  to  the  pathology  of  chlorosis, 

Hydrobilirubin. — The  investigations  upon  the  excretion  of  the 
derivatives  of  hemoglobin,  which  arise  within  the  cells  of  the  body, 
were  carried  somewhat  further.  The  liver  is  the  chief,  and  probably 
the  only,  place  in  the  body  where  the  hemoglobin  molecule  is  normally 
decomposed  :  the  colored  constituent,  the  hematin,  is  here  further  split 
up  into  iron,  on  the  one  hand,  and  bilirubin  on  the  other.  The  bili- 
rubin is  excreted.  The  iron  remains  partly  in  the  liver  and  partly  in 
other  organs,  probably  in  the  form  of  ferratin,  or  some  similar  combi- 
nation, to  be  used  later  for  the  purpose  of  blood-formation  ;  very  small 
quantities  gradually  find  their  way  through  the  intestinal  wall  and 
through  the  kidneys  and  appear  in  the  excretions.  In  determining  the 
metabolism  of  hemoglobin,  both  l)ilirubin  (non-ferruginous)  and  its 
derivatives,  as  well  as  the  iron  itself,  may  be  considered. 

The  formation  of  primary  biliary  pigments  and  the  excretion  of 
bilirubin  certainly  maintain  an  approximate  parallel  with  the  destruc- 
tion of  hemoglobin  (Stadelmann  '^■) ;  unfortunately,  we  can  not  say  the 
same  of  the  bilirubin  derivatives  which  are  excreted  by  the  intestine 
and  by  the  kidneys.  The  most  important  derivative  and  the  one 
present  in  the  largest  quantity  is  hydrobilirubin  (in  the  urine,  known 
as  urobilin).  Both  urine  and  feces  also  contain  other  substances  related 
to  the  biliary  pigments,  particularly  the  so-called  chromogens  (urobilin- 
ogens). They  do  not  escape  the  quantitative  determination,  since  the 
preparatory  treatment  of  the  feces  and  urine  (heating  with  acids)  con- 
verts them  into  the  true  pigments.  Hematojiorphyrin  is  also  a  deriva- 
tive of  hemoglobin  ;  with  the  exception  of  certain  diseases,  however,  it 
is  excreted  in  too  small  an  amount  to  be  taken  into  consideration. 

29 
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Although  the  determination  of  the  amount  of  urobilin — partly  in  the 
form  of  known,  partly  in  the  form  of  unknown  substances — allows  of 
the  escape  of  certain  amounts  of  bilirubin  derivatives,  and,  although  the 
urobilin  is  by  no  means  an  accurate  measure  of  the  metabolic  changes 
of  the  hemoglobin,  the  following  statements  may  be  assumed  to  be 
correct. 

If  many  biliary  pigment  derivatives  and  their  congeners  (hemato- 
porphyrin)  are  found  in  the  urine  and  feces,  there  is  a  great  destruction 
of  hemoglobin  ;  if  few  such  derivatives  are  present,  the  destruction  of 
hemoglobin  is  slight. 

Investigations  upon  this  subject  are  still  few  in  number  :  G.  Hoppe- 
Seyler^^"  found  an  average  of  0.123  gm.  of  hydrobilirubin  in  the  twenty- 
four  hours'  urine  of  healthy  individuals  ;  in  chlorosis  he  observed — 
0.03,  0.05,  0.124  gm.  A.  Garrod,^  who  examined  8  cases  of  chlo- 
rosis, states  that,  as  a  rule,  the  urine  was  pale  and  poor  in  pigment ; 
the  urobilin  and  hematoporphyrin  were  never  increased.  In  5  cases  of 
severe  chlorosis  we  determined  the  amount  of  urobilin  in  the  urine 
(method  of  G.  Hoppe-Seyler,  with  slight  modification) ;  the  analyses 
were  made  with  the  mixed  urines  obtained  on  two  successive  days. 
The  daily  amounts  in  the  five  cases  were : 

1.  Imponderable  traces.  3.  0.012  gm. 

2.  "  "  4.  0.019  gm. 

5.  Imponderable  traces. 

In  the  first  and  third  cases  the  amount  of  hydrobilirubin  in  the 
feces  was  estimated  at  the  same  time.  The  feces  were  treated  with 
hydrochloric-acid  alcohol  and  kept  at  a  boiling-point  until  no  more 
pigment  was  given  up ;  the  amount  of  hydrobilirubin  in  the  extract 
was  then  determined.  In  these  2  cases  there  were  21  and  29  mg.  of 
hydrobilirubin  respectively.  It  should  be  mentioned  for  comparison 
that  in  a  case  of  pernicious  anemia  the  urine  furnishes  0.153  gm.,  and 
the  feces  0.92  gm.  of  hydrobilirubin. 

Althouj^h  these  scantv  fig-ures  do  not  allow  us  to  draw  anv  far-reach- 
ing  conclusions,  they  certainly  speak  against  the  assumption  that  chlo- 
rotic  anemia  is  due  to  the  increased  destruction  of  hemoglobin. 

The  Metabolism  of  Iron. — The  question  as  to  whether  the 
anemia  is  due  to  the  deficient  formation  of  hemoglobin  or  to  the  in- 
creased destruction  of  heniogloljin,  finds  still  less  of  a  solution  from  the  in- 
vestigations upon  the  metabolism  of  iron.  v.  Hosslin's  one-sided  analyses 
of  the  feces  are  lacking  in  demonstrative  proof.  The  decision  must  be 
made  dependent  upon  exact  determinations  of  the  iron  ingested  and 
the  iron  eliminated.     Such  experiments  are  most  trying  to  the  patience 
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of  the  investigator  and  of  the  chlorotic.  It  is  not  sufficient  to  deter- 
mine the  balance  of  iron  for  one  or  several  days,  but  the  investigation 
must  be  carried  out  for  longer  periods  of  time.  The  quantitative  rela- 
tions between  the  iron  ingested  and  the  iron  eliminated  are  complicated 
by  the  fact  that  certain  amounts  of  iron,  both  from  the  decomposing 
hemoglobin  as  well  as  from  the  food,  remain  in  the  body  (liver,  spleen) 
to  be  gradually  eliminated  at  a  later  period.  In  long  periods  of  obser- 
vation this  peculiarity  is  not  a  disturbing  factor ;  short  periods,  how- 
ever, are  incapable  of  furnishing  clear  proof.  At  the  present  time  we 
know  of  no  investigations  upon  the  balance  of  iron  in  chlorosis. 

We  must  consequently  limit  ourselves  to  the  discussion  of  certain 
points  in  reference  to  the  metabolism  of  iron  which  are  partly  of  a 
historical  and  partly  of  a  practical  significance  for  the  critical  study  of 
chlorosis.  It  is  not  our  intention  to  discuss  the  "  iron  question  "  with 
all  its  details.  For  such  information  the  reader  is  referred  to  the  works 
ofBunge»«i  (1889),  Robert  ^o^  (1891),  v.  Noorden^^^  (1893),  Bunge- 
Quincke'  (Congress  for  Internal  Medicine,  1895),  Quincke  2»«  (1895), 
and  Quincke-Hochhaus  2"^  (1896). 

In  former  times  there  was  scarcely  a  doubt  that  the  iron  salts  were 
absorbed  from  the  intestinal  canal,  but  in  the  course  of  the  eio-hties 
such  absorption  was  actively  denied.  After  the  administration  of  iron, 
it  was  found  in  the  feces,  but  only  sparingly  or  not  at  all  in  the  urine 
(experiments  upon  man  and  animals).  On  the  other  hand,  it  was  estab- 
lished that  certain  highly  constituted  ferruginous  combinations  in  the 
urine  were  increased,  and,  consequently,  absorbed  from  the  intestinal 
canal.  This  was  first  observed  in  reference  to  Bunge's  hematogen,  a 
nucleo-albumiu  containing  iron  ;  proofs  were  furnished  later  of  the 
absorption  of  Robert's  hemol  and  hemogallol,  substances  which  are 
obtained  by  the  action  of  reducing  agents  upon  the  hemoglobin  or  ujwm 
the  blood,  and  which,  like  hematogen,  hold  the  iron  in  such  strong  com- 
bination that  it  is  not  accessible  to  the  customary  reagents  (ammonium 
sulphid,  potassium  ferrocyanid).  At  the  close  of  the  eighties  it  was 
believed  that  only  the  complicated  organic  combinations  of  iron,  such 
as  occur  in  vegetable  and  in  animal  substances  (the  so-called  ferruginous 
nucleo-albumins  and  the  proteids  containing  iron)  were  adaj)tetl  to 
absorption  from  the  intestine,  and  that  these  alone  could  be  employed 
for  the  construction  of  the  hemoglobin.  The  inorganic  and  organic 
iron  salts,  as  well  as  all  the  organic  combinations  of  iron  in  which  the 
iron  was  but  loosely  combined,  were  said  by  many  to  be  incapable  of 
absorption  and  devoid  of  any  therapeutic  power.  The  representative 
pharmacologists  (Schmiedeberg,  Bunge,  Robert,  and  their  followers)  gave 
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out  statements  which  were  calculated  to  make  it  appear  as  though  the 
practising  physician  had  been  greatly  deceived  for  many  years  in  refer- 
ence to  the  theoretical  and  practical  significance  of  the  iron  therapy. 
It  can  be  well  understood  with  what  readiness,  not  to  say  enthusiasm, 
the  theory  of  Bunge  was  received  by  physicians.  It  took  into  consid- 
eration both  the  newer  teachings  of  the  pharmacologists  as  well  as  the 
practical  curative  results  of  the  administration  of  iron.  Bunge  believed 
that  the  ferruginous  nucleo-albumms  of  the  diet  were  usually  sufficient 
to  meet  the  demand  of  the  body  for  iron.  In  chlorosis,  however,  as  a 
result  of  a  diminished  gastric  secretion  of  hydrochloric  acid,  the  pro- 
cesses of  decomposition  were  increased,  giving  rise  to  much  HgS,  which 
separated  the  iron  from  the  nucleo-albumin  and  combined  with  it  to 
form  insoluble  sulpbid  of  iron.  If  these  patients  were  given  inorganic 
or  organic  salts  of  iron,  the  H2S  combined  with  them  and  spared  the 
iron  of  the  nucleo-albumins.  The  nucleo-albumins  were  then  absorbed 
unchanged  and  had  a  therapeutic  efiPect.  The  theory  became  untenable 
when  it  was  found  that : 

1.  The  gastric  hydrochloric  acid,  as  a  rule,  is  not  diminished  in 
chlorosis  (see  p.  418). 

2.  The  decomposition  of  the  albumins  in  the  intestine  is  only  excep- 
tionally increased  (see  Rethers,^^^  and  p.  422). 

3.  Even  sulphid  of  iron  has  a  curative  influence  in  chlorosis 
(R.  Stockman  ^^). 

The  theory,  upon  which  Bunge  himself  lays  no  great  weight  at  the 
present  time,  became  superfluous  when  proof  was  furnished  that  the 
inorganic  salts  of  iron  are  actually  absorbed,  and  that  the  absorption 
is  by  no  means  limited  to  the  ferruginous  nucleo-albumins. 

The  history  of  the  discovery  of  such  proof  is  very  interesting.  It 
was  first  observed  that  iron  which  gained  access  to  the  circulation  (subcu- 
taneous injection)  was  either  not  excreted  by  the  kidneys  at  all  or  at 
least  only  in  traces,  but  that  it  accumulated  in  the  liver  and  in  the 
spleen.  Both  organs  seem  to  attract  the  circulating  iron  as  though  they 
were  magnets  (Robert) ;  they  are  the  places  for  the  storage  of  super- 
fluous iron.  From  these  places  the  iron  is  very  gradually  removed  at 
irregular  intervals,  and  the  greater  portion  is  eliminated  through  the 
feces  and  not  through  the  urine.  The  intestinal  wall  is  the  actual  site 
of  the  excretion  of  the  iron.  We  should  no  longer  wonder  when  we 
observe  that  the  amount  of  iron  in  the  urine  is  not  increased  after  the 
administration  of  this  substance.  It  is  evident  that  the  conclusion 
formerly  drawn  from  this  observation — that  the  salts  of  iron  are  not 
absorbed — was  both  hasty  and  untenable. 
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Positive  proof  of  the  absorption  of  iron  was,  however,  still  wanting. 
This  was  furnished  almost  simultaneously  by  the  investigations  of 
Gottlieb  '"•^  and  of  Kunkel.''*^  Gottlieb  fed  dogs,  Kunkel  mice,  with 
iron  salts,  and  they  both  found  the  liver,  as  well  as  the  entire  body, 
much  richer  in  iron  than  was  the  case  in  the  control  animals,  who 
received  exactly  the  same  diet,  but  no  iron  salts.  These  experiments 
(with  some  unimportant  modifications)  were  repeated  by  Woltering^"^ 
and  by  Cloetta,^"^  and  the  results  of  Gottlieb  and  of  Kunkel  were  con- 
firmed. In  the  meantime,  Macallum,^!"  W.  S.  Hall,2ii  j_  Gaule,^!^  and 
Hochhaus-Quincke  -°^  succeeded  in  demonstrating,  by  means  of  micro- 
scopic specimens,  the  absorption  of  iron  in  the  duodenum  and  its  pass- 
age through  the  intestinal  villi.  In  a  patient  with  an  intestinal  fistula, 
Honigmann  ^'^  demonstrated  that  considerable  quantities  of  iron  could  be 
absorbed — of  0.4166  gm.  of  iron  (in  the  form  of  ferrum  citricum  oxy- 
datum)  0.3388  gm.  or  81.33  per  cent,  were  absorbed  within  two  days. 

The  investigations  of  more  recent  years  have  been  directed  not  only 
to  metallic  iron  and  the  unstable  combinations  of  the  metal,  but  other 
substances  which  hold  the  iron  in  much  stronger  combination  and  which, 
partly  from  this  peculiarity  and  partly  from  their  chemic  constitution, 
are  closely  related  to  the  ferruginous  nucleo-albumins,  have  also  been 
proved  to  be  capable  of  absorption.  Such  substances  are  hemol,  hemo- 
gallol,  carniferrin,  and  ferratin.  After  the  correct  experimental  technic 
had  once  been  determined  (methods  of  Gottlieb,  Kunkel,  or  Quincke) 
and  the  main  question  had  been  decided,  it  became  of  subsidiary  im- 
portance whether  this  or  that  preparation  is  absorbed  to  a  greater  or 
less  degree.  At  the  present  time  mercantile  considerations,  rather  than 
medical  science,  seem  to  arouse  interest  in  the  solution  of  this  question. 

At  this  point  we  will  leave  the  iron  question,  but  we  will  take  it  up 
again,  in  order  to  show  its  practical  conclusions,  when  we  come  to  con- 
sider the  treatment  of  chlorosis. 

THE  CHARACTER  OF  THE  URINE  IN  CHLOROSIS. 

We  can  pass  over  a  number  of  subjects  relating  to  the  urine,  since 
they  have  been  disposed  of  in  some  of  the  preceding  sections.  The 
excretion  of  nitrogen  has  been  discussed.  In  the  face  of  the  results  of 
the  investigations  upon  metabolism  no  importance  can  be  attached  to 
the  frequently  quoted  conclusion  that  "  in  chlorosis  the  excretion  of 
nitrogen  (urea)  is  diminished,"  since  this  conclusion  was  reached  with- 
out control  of  the  diet.  The  amount  of  urobilin  (see  p.  449)  and 
the  presence  of  the  aromatic  products  of  the  decomposition  of  the  albu- 
mins (see  p.  422)  have  also  been  considered. 
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But  little  is  known  in  reference  to  the  individual  nitrogenous  sub- 
stances and  their  combinations. 

Urea. — Voges  and  Friedrichsen/^^^  in  their  investigations  in  the 
author's  clinic,  found  that  in  chlorotics  a  strikingly  large  proportion  of 
the  total  nitrogen  was  eliminated  in  the  form  of  urea.  Normally  and 
with  a  mixed  diet  this  proportion  is  83  to  85  per  cent.  In  7  analyses 
the  above-mentioned  authors  encountered  these  normal  figures  but  twice  ; 
in  the  other  cases  the  proportions  varied  between  87  and  93  per  cent. 
P.  Chatin,-'^  who  carried  out  similar  experiments,  also  found  the  propor- 
tion of  total  nitrogen  eliminated  as  urea  to  be  between  83  and  86  per 
cent,  in  but  4  cases,  while  in  6  instances  the  values  obtained  were 
between  87  and  90  per  cent.  Since  similar  figures  have  also  been 
determined  in  other  diseases  which  do  not  resemble  chlorosis,  and  since 
we  have  no  clear  insight  into  the  cause  of  this  phenomenon,  we  will 
limit  ourselves  to  the  statement  of  the  fact.  There  are  many  objections 
to  be  urged  against  the  conclusions  of  Chatin  and  Robin,  that  with  a 
low  percentage  of  total  nitrogen  eliminated  as  urea  the  oxidation  in  the 
body  is  diminished,  and  that  with  a  high  percentage  the  oxidation  is 
increased.  These  objections  are  fully  stated  in  the  author's  text-book 
upon  the  Pathology  of  Metabolism. 

Ammonia. — In  the  cases  of  Voges  and  Friedrichsen,  4.9  to  8.1 
per  cent,  of  the  nitrogen  in  the  urine  was  combined  as  ammonia.  This 
is  a  relatively  large  amount,  since  the  normal  figures  are  2  to  5  per 
cent,  when  the  individual  is  upon  the  same  diet  as  that  received  by  the 
above  patients.  The  large  amounts  of  ammonia  serve  as  evidence  of  a 
more  pronounced  excretion  of  acids ;  the  nature  of  the  acids,  in  these 
cases,  was  not  determined. 

Uric  Acid. — Voges  and  Friedrichsen  found  rather  high  relative 
values  for  uric  acid.  It  constituted  1.2  to  3  per  cent,  of  the  total  nitro- 
gen, but  these  amounts  are  still  within  normal  limits.  In  6  patients  the 
total  amounts  of  uric  acid  excreted  in  the  twenty-four  hours  were  0.51, 
0.35,  0.50,  0.54,  0.81,  0.84,  0.39,  0.51,  0.75  gm. ;  the  same  amounts 
are  also  found  in  the  twenty-four  hours'  urine  of  healthy  women. 
After  continuing  our  investigations  for  five  days  in  the  case  of  a  young 
girl  with  severe  chlorosis,  we  obtained  a  daily  average  of  0.65  gm.  of 
uric  acid  per  day  (nitrogenous  metabolism  per  day,  11  to  12  gm. ; 
amount  of  urine,  2000  to  2400  c.c. ;  method  of  Ludwig-Salkowski). 
The  figures  from  other  sources  are  few  in  number.  Bartels  ^^*  found  in 
•one  chlorotic  girl  0.696  gm.  of  uric  acid  ])er  day,  in  a  second  case,  0.2 
to  0.4  gm.  (method  of  Heintz).     W.  v.  Moraczewski,-'^  who  determined 
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the  amount  of  uric  acid  by  Hay  croft's  method,  records  the  following 
daily  values  : 

Case  I.     0.11-0.68gm.  (twice,  2.552  and  3.201  gm.—  ?) 


I. 

0.11-0.68 

II. 

0.21-0.68 

III. 

0.12-0.54 

IV. 

0.40-0.69 

V. 

0.20-0.49 

VI. 

0.18-0.50 

VII. 

0.26-0.62 

VIII. 

0.25-0.63 

IX. 

0.42-0.64 

X. 

0.28-0.78 

XI. 

0.25-0.78 

Creatinin. — But  little  is  known  in  reference  to  the  other  nitrog- 
enous components  of  the  urine.  K.  B.  Hofman^^^  found  0.539  to 
0.604  gm.  of  creatinin  in  the  twenty-four  hours'  urine.  These  quanti- 
ties are  somewhat  less  than  normal ;  this  might  have  been  dependent 
upon  a  limitation  of  the  meats  in  the  diet. 

The  Amount  of  Urine. — The  statements  in  reference  to  the 
amount  of  urine  are  somewhat  at  variance.  Some  authors  say  that  the 
amount  is  decreased,  others  designate  it  as  normal,  and  a  few  have 
occasionally  called  attention  to  increased  amounts  of  the  excretion 
(Loock,"2  Bartels,-^^  Rethers,i^-  Luzet '). 

Our  own  experience  may  be  stated  as  follows  :  In  uncomplicated 
cases,  in  which  the  amount  of  ingested  fluid  is  left  to  the  discretion  of 
the  patient,  the  amount  of  urine  is  at  least  normal ;  very  frequently  it 
is  increased.  The  color  of  the  urine  is  correspondingly  pale  and  the 
.specific  gravity  is  low.  Th.  Rethers,^^^  in  his  previously  mentioned 
dissertation,  published  a  large  number  of  cases,  in  which  polyuria  was 
present.  During  the  course  of  the  disease,  the  daily  excretion  of  urine 
is  not  uniform  in  amount.  Disregarding  temporary  variations  depend- 
ent upon  changes  of  diet,  a  striking  increase  is  often  observed  when  the 
general  condition  commences  to  improve.  In  many  chlorotics  the 
amount  of  urine  is  relatively  (or  even  absolutely)  increased,  when  the 
amount  of  liquid  ingested  is  diminislied.  This  fact  proves  that  super- 
fluous water  has  collected  in  the  tissues  (see  p.  402).  In  otlier  chlo- 
rotics the  amount  remains  normal  or  there  are  altornatc  periods  of 
polyuria  and  of  diminished  urinary  excretion.  Only  when  complica- 
tions were  present  have  we  seen  a  considerable  and  permanent  decrease 
of  the  amount  of  urine  (less  than  1  L.),  the  specific  gravity  being  high 
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and  the  iiriue  concentrated.  Such  complications  were  edema,  venous 
thrombosis  with  fever,  and  refusal  of  the  patient  to  eat.  The  same 
observation  was  also  made  in  a  number  of  very  severe  cases  of  uncom- 
plicated chlorosis.  In  3  cases,  every  menstruation  was  accompanied  by 
a  decreased  urinary  excretion  ;  after  the  menstrual  flow  had  ceased,  the 
amount  of  urine  was  correspondingly  increased.  The  autlior  has  accu- 
rate notes  in  reference  to  1  of  these  cases  : 

Before  menstruation .     .     .      1400-1600  cc. 

During  "  ...        500-750      " 

On  the  following  5  days     .     1500,  2550,  3200,  3800,  1800  cc. 

The  amount  then  fell  to  1300-1550,  and  remained  at  this  point 
until  the  next  menstruation,  when  it  again  fell  to  600—800  cc,  and  was 
again  followed  by  a  postmenstrual  polyuria.  No  edema  could  be  seen 
or  felt  during  the  course  of  the  menstruation,  but  during  the  first  men- 
struation the  body-weight  increased  2200  gm.  and  during  the  second 
2450  gm.  With  the  cessation  of  the  menses  and  the  appearance  of  the 
polyuria,  the  body-weight  fell  rapidly  to  its  previous  amount.  During 
the  entire  nine  weeks  of  observation  the  diet  was  uniform  and  the  daily 
amount  of  ingested  fluid  varied  between  1600  and  1800  cc. 

Of  the  clinical  records  at  our  disposal,  we  could  utilize  159  for  the 
construction  of  a  small  table.  We  have  recorded  those  figures  which 
most  frequently  recurred.  Since  it  is  not  certain  that  the  entire  amount 
of  urine  was  always  obtained  and  measured,  the  figures  must  be  taken 
to  indicate  only  minimum  values ;  the  correct  values  are  probably 
somewhat  higher. 

Daily  amount  of  urine  less  than  1000  cc  in  15  cases  (  9.4  per  cent.) 


between 

1000  and  1200  cc. 

"  42 

(1 

(26.4 

t( 

1200  "  1400  " 

"  23 

u 

n4.5 
(  5.6 

(( 

1400  "  1600  " 

"  9 

11 

« 

1600  "  1800  " 

"  7 

il 

(  4.4 

u 

1800  "  2000  " 

"  18 

u 

(11.2 

« 

2000  "  2500  " 

"  26 

" 

(16.3 

<( 

2500  "  3000  " 

"  11 

u 

(  6.9 

(( 

3000  "  3500  " 

"  1 

(1 

(  0.6 

(( 

3500  "  4000  " 

"  4 

(1 

(  2.5 

more  than 

4000  cc 

"  3 

(( 

(  1.9 

Constituents  of  the  Ash. — Xo  investigations  have  as  yet  been 
made  which  allow  of  a  determination  of  the  variations  in  the  amount 
of  mineral  substances.  A.  Robin  ^^^  records  a  diminution  of  the  phos- 
phates, but  no  weight  .should  be  attached  to  such  a  statement,  since 
nothing  is  said  about  the  quantity  of  phosphates  in  the  food  ingested. 
W.  V.  Moraczewski  ^^^  has  recently  .studied  this  subject  more  accurately. 
He  published  the  results  of  his  examinations  of  the  urines  of  11  cases 


SPECIAL  SYMPTOMATOLOGY.  457 

of  chlorosis,  yet  he  says  nothing  of  the  quantity  of  food  ingested  and 
nothing  of  the  amount  of  mineral  substances  contained  therein.  In 
spite  of  this,  the  author  draws  the  following  conclusions:  1.  During 
the  anemia,  the  excretion  of  the  chlorids  in  the  urine  is  diminished,  but 
the  excretion  returns  to  the  normal  during  the  recovery  from  the  dis- 
ease. 2.  The  elimination  of  calcium  phosphate  is  subject  to  the  same 
variations  as  is  the  elimination  of  chlorin.  3.  The  alkaline  phosphates 
are  increased  during  the  anemic  period,  but  this  increase  disappears 
with  recovery  from  the  disease.  We  regret  that  we  can  not  admit  the 
correctness  of  these  conclusions.  A  diminished  elimination  of  chlorin 
and  an  increased  elimination  of  phosphates,  which  Moraczewski  desig- 
nates as  characteristic  of  chlorosis,  can  only  be  determined  by  accurate 
comparative  observations  of  the  diet  upon  the  one  hand  and  of  the 
urine  and  feces  upon  the  other.  As  soon  as  we  deviate  from  this  prin- 
ciple we  open  the  door  for  endless  speculation. 

Albumin. — This  is  ordinarily  found  in  chlorotic  urine  only  in 
those  traces  which  are  common  to  all  urines,  and  which  are  difficult  of 
demonstration  with  the  usual  reagents  (heat  test,  acetic  acid  and  potas- 
sium ferrocyanid,  potassiomercuric  iodid). 

Among  chlorotics,  however,  there  are  always  certain  individuals 
whose  urines  constantly  contain  a  certain  amount  of  albumin.  In  260 
chlorotics  this  was  observed  24  times  (9.2  per  cent.).  If  these  figures 
are  compared  with  those  obtained  by  the  study  of  albuminuria  in 
healthy  individuals  (v.  Leube,  v.  Noorden,  Senator),  it  will  be  found 
that  a  slight  albuminuria  is  certainly  not  more  frequent,  but  rather 
more  uncommon,  in  chlorotics  than  in  the  average  healthy  individual. 
The  microscope  fails  to  reveal  any  elements  which  might  be  referred  to 
the  kidney ;  usually  the  only  find  is  a  number  of  isolated  hyaline  casts 
such  as  are  also  present  in  the  albuminuria  of  healthy  individuals. 
The  frequency  of  this  slight  albuminuria  is  by  no  means  dependent 
upon  the  severity  of  the  disease  ;  the  24  cases  above  mentioned  repre- 
sented about  an  equal  uumbor  of  both  the  milder  and  more  pronounced 
types  of  the  affection.  It  is  to  be  particularly  emphasized  that  the 
albuminuria  is  also  independent  of  the  edema  of  the  feet  (see  p.  402) 
and  of  the  accumulation  of  water  in  the  tissues  (see  p.  402).  In  these 
24  cases  of  albuminuria,  edema  of  the  feet  was  present  in  but  2  in- 
stances. In  17  of  the  24  patients  the  mild  albuminuria  persisted 
unchanged  after  recovery  from  the  chlorosis. 

In  exceptional  cases  we  encounter  a  special  form  of  albuminuria 
which  we  must  describe  more  in  detail.  Among  the  cases  of  "cyclic 
albuminuria,"  or  of  "  intermittent  albuminuria  in  young  people,"  which 
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were  first  described  simultaneously  by  Pavy  '^^  and  the  author,^^  there 
were  also  a  number  of  chlorotics  (see  the  collections  of  Heubuer-'  and 
of  Osswald^").  The  large  amount  of  work  that  has  been  devoted  to 
this  subject  in  recent  years  has  failed  to  find  the  cause  of  this  albumin- 
uria. The  albuminuria  is  observed  chiefly  in  half-grown  boys  and 
girls ;  it  occurs  only  during  certain  hours  of  the  day,  in  the  morning, 
for  example ;  at  other  times,  particularly  after  prolonged  physical  rest, 
the  urine  is  free  from  albumin.  The  remarkable  observation  is  fre- 
quently made  that  the  largest  amount  of  the  albumin  is  precipitated  in 
the  cold  by  the  addition  of  acetic  acid  ;  this  would  indicate  nucleo- 
albumin.  Careful  microscopic  examination,  even  after  centrifugation, 
usually  demonstrates  the  absence  of  casts  or  other  nephrogenic  elements, 
although  a  hyaline  cast  may  occasionally  be  observed.  In  the  course 
of  ten  years  we  have  encountered  "  cyclic  albuminuria  "  in  but  3  cases 
of  chlorosis,  although  we  have  assiduously  sought  after  new  cases  since 
our  first  publication.  The  excretion  of  albumin,  which  was  limited  to 
certain  hours  of  the  day,  disappeared  in  two  or  three  weeks,  while  the 
chlorosis  was  improving  upon  the  administration  of  arsenic ;  no  other 
therapeutic  measures  were  adopted,  but  the  rather  emaciated  patients 
were  encouraged  to  indulge  in  a  more  liberal  diet.  In  every  case,  the 
albuminous  urine  had  a  high  specific  gravity  (1020-1025)  and  was 
highly  colored  ;  the  non-albuminous  urine  was  clear  and  abundant  in 
quantity.  In  further  accord  with  the  previous  descriptions,  there  was 
an  entire  absence  of  casts  and  of  renal  cells  and  a  particular  abundance 
of  nucleo-albumin. 

In  1  case  the  urine  contained  considerable  quantities  of  other  albu- 
minous substances  in  addition  to  the  nucleo-albumin  ;  in  the  other  2 
cases  only  traces  were  present.  The  first  urine  gave  the  following  re- 
actions :  Acetic  acid  caused  a  dense  clouding  which  increased  upon  pro- 
longed standing ;  upon  the  following  day  the  bottom  of  the  beaker  was 
covered  with  a  thin  layer  of  amorphous  substances  and  of  uric-acid 
crystals.  The  supernatant  fluid  was  perfectly  clear  and  was  scarcely 
clouded  by  the  addition  of  potassium  ferrocyanid.  The  precipitate  did 
not  completely  dissolve  when  treated  with  dilute  hydrochloric  acid  and 
pepsin  and  placed  in  the  incubating  oven;  the  solution  gave  a  beautiful 
biuret  reaction,  a  marked  precipitate  with  potassium  ferrocyanid,  and 
with  other  reagents  for  albumose.  After  the  albuminuria  had  once 
disappeared  it  never  returned,  as  was  shown  by  frequent  examinations 
of  the  urine,  which,  in  2  cases,  were  continued  for  months  and  years. 
All  three  girls  made  complete  recoveries.     The  clinical  symptoms  were 
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such  that  no  doubt  could  exist  as  to  the  correctness  of  the  diagnosis  of 
chlorosis. 

With  the  exception  of  such  infrequent  cases,  which  may  be  easily 
recognized  by  their  peculiarities,  albuminuria  is  rare  in  uncomplicated 
cases  of  chlorosis.  Diseases  of  the  kidneys  may  simulate  chlorosis 
upon  superficial  examination  and  are  sometimes  confounded  with  this 
affection  (see  "Diagnosis"). 

Sugar  is  never  present  in  chlorotic  urine.  We  have  repeatedly 
tried  to  produce  an  alimentary  glycosuria  by  the  administration  of  150 
gm.  (5  oz.)  of  grape  sugar,  but  in  only  1  instance  have  we  obtained  a 
positive  result.  Within  three  hours  after  the  ingestion  of  the  grape 
sugar,  0.7  gm.  (10  gr.)  of  sugar  appeared  in  the  urine.  In  this  case, 
however,  the  chlorosis  was  complicated  with  such  pronounced  symptoms 
of  Basedow's  disease,  that  it  was  doubtful  whether  the  latter  affection 
was  not  the  main  ailment  of  the  patient.  Chatin  -^*  also  examined 
chlorotics  for  alimentary  glycosuria  ;  he  never  observed  that  sugar  was 
eliminated  in  tlie  urine. 

The  Toxicity  of  the  Urine. — For  the  sake  of  completeness, 
brief  mention  will  be  made  of  the  experiments  which  have  been  tried 
in  chlorotic  patients  for  the  purpose  of  determining  the  toxicity  of  the 
urine.  The  investigators  employed  the  method  of  Ch.  Bouchard  ^-^  and 
determined  the  so-called  urotoxic  coefficient.  The  method  is  as  follows  : 
As  much  of  the  twenty-four  hours'  urine  of  the  patient  is  injected  into 
the  vein  of  the  ear  of  a  rabbit  as  is  necessary  to  kill  the  animal.  If 
we  know  the  amount  of  urine  necessary  to  kill  the  animal,  the  amount 
•of  the  twenty-four  hours'  urine,  the  weight  of  the  rabbit,  and  the  weight 
of  the  patient,  we  calculate  first  how  many  cubic  centimeters  of  urine 
would  have  been  necessary  to  kill  a  rabbit  weighing  1  kg.  We  then 
-calculate  from  this  how  many  kilograms  of  rabbit  ("  living  material ") 
the  entire  twenty-four  hours'  uriue  would  have  been  able  to  kill.  This 
number  indicates  how  much  poison  is  produced  by  the  entire  organism 
or  by  a  certain  number  of  kilograms  of  the  human  individual.  We 
now  divide  the  kilograms  of  rabbit,  which  the  twenty-four  hours'  urine 
would  have  been  able  to  kill,  by  the  weight  of  the  individual,  and  the 
result  obtained  is  the  "  urotoxic  coefficient."  According  to  Bouchard, 
the  average  in  health  is  0.464.  Picchini  and  Conti,"'  who  deviated 
slightly  from  Bouchard's  method,  found  that  the  urotoxic  coefficient 
was  larger  at  the  height  of  the  disease,  and  less  after  recovery.  In 
opposition  to  this,  P.  Chatin  ^'*  states  that  the  production  of  poisonous 
substances  in  the  body  is  diminished  during  chlorosis  (diminution  of 
the  urotoxic  coefficient).     Chatin  thinks  that  the  Italian  investigators 
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did  not  correctly  interpret  their  results  and  that  their  figures,  like  his 
own,  indicate  a  diminution  in  the  production  of  poisonous  substances  in 
the  body. 

Four  years  ago  ^^  we  first  had  the  opportunity  of  critically  studying 
Bouchard's  method  and,  from  then  until  the  present,  could  never  con- 
vince our.^elves  that  the  procedure  fulfilled  all  the  requirements  of  a 
scientific  experiment. 

THE  TEMPERATURE  OF  THE  BODY. 

Chlorosis  is  generally  considered  to  be  an  afebrile  disease.  While 
this  is  true  in  the  great  majority  of  cases  we  can  not  hold  rigidly  to 
this  theoretic  dogma.  Disregarding  febrile  complications,  every  phy- 
sician who  regularly  takes  the  temjDerature  of  his  chlorotic  will  be  able 
to  record  cases  in  which  the  temperature  rose  temporarily  to  :^°  to  J° 
C  (|°-1°  F.),  and  sometimes  still  higher,  above  the  normal. 

One  of  the  most  careful  observers  of  temperature  in  disease,  C.  A. 
Wunderlich,"^"  first  pointed  out  that  chlorosis  is  occasionally  accompanied 
by  fever.  H.  Molliere,^^  Fr.  Leclerc,^-^  and  Trazit,^^®^  subsequently 
directed  attention  to  the  fever  of  chlorotics.  Hayem  ^^^  also  increased 
the  statistics  by  some  valuable  observations,  and  Eichhorst^  frequently 
met  with  slight  elevations  of  temperature  (37.8-38.3°  C.  =  100-100.9° 
F.)  without  demonstrable  cause.  It  goes  without  saying  that  all  of 
these  writers  carefully  excluded  every  complication  which  might  have 
produced  fever. 

Tiie  most  important  question  in  practice  is  whether  these  cases  of 
chlorosis  which  are  combined  with  temporary  or  permanent  elevations 
of  temperature  are  not  really  concealed  cases  of  tuberculosis  (pulmonary 
or  glandular).  Our  suspicions  should  always  be  directed  toward  this 
possibility,  but  it  would  be  preposterous  to  look  upon  a  simple  eleva- 
tion of  temperature  as  an  indication  that  the  case  was  not  one  of  pure 
chlorosis  and  that  some  complication,  probably  tuberculosis,  was  lurk- 
ing in  the  background.  The  injection  of  tuberculin  seems  to  us  to  be  an 
important  diagnostic  aid  in  doubtful  cases.  We  have  frequently  ob- 
served that  chlorotics  who  had  fever  showed  no  further  elevations  of 
temperature  after  they  had  received  3  to  5  mg.  of  tuberculin.  In  such 
cases  tuberculosis  can  be  excluded  with  a  fair  degree  of  certainty. 

We  are  ignorant  of  the  manner  of  origin  of  the  fever  of  chlorotics. 
It  should  be  remembered  that  elevations  of  temperature  also  occur  in 
all  other  diseases  of  the  blood. 

We  are  able  to  give  the  following  small  table  from  our  statistics. 
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Only  those  cases  are  included  which  were  examples  of  pure  chlorosis. 
The  temperatures  were  measured  in  the  axilla  : 

In  140  cases  of  chlorosis  there  were  such  long-continued  tempera- 
ture records  and  such  accurate  clinical  notes  that  all  complicating  causes 
of  fever  could  be  excluded.     Of  these  140  chlorotics 

73  (52.1  per  cent.)  had  maximum  temperature  of  37.5°  C.    (99.5°  F.). 
25  (17.8      "         )        "  "  "    37.7°  C.    (99.9°  F.). 

5  (  3.6       "         )         "  "  "    38.0°  C.  (100.4°  F.). 

5(3.6       "         )         "  "  "    38.5°  C.  (101.3°  F.). 

1(0.7      "         )         "  "  above  38.5°  C.  (101.3°  R). 

In  most  cases  the  slight  elevations  of  temperature  were  only  tem- 
porary and  observed  for  but  a  few  days ;  in  the  lesser  number,  they 
remained  for  longer  periods  of  time. 

A  case  which  we  observed  in  private  practice  is  worthy  of  particular 
attention.     It  is  not  included  in  the  above  table  : 

The  patient  was  a  young  girl,  eighteen  years  of  age,  with  the  unmistak- 
able signs  of  a  severe  chlorosis.  The  diagnosis  was  confirmed  by  the  course 
of  the  disease,  the  patient  completely  recovering  within  six  months.  The 
temperature  curve  proceeded  with  the  most  remarkable  variations.  For 
periods  of  four  or  five  days  the  temperature  was  decidedly  febrile  (rectal 
temperatures,  morniutr  37.5-37.8°  C.  =  99.5-100.1°  F.  ;  evening  38.3- 
38.8°  C.  =  100.9-102°  F.).  Then  would  follow  a  period  of  from  three  to 
seven  days,  during  which  the  temperature  was  normal.  Such  periods  inter- 
changed three  times  in  succession  and  then  the  body  temperature  remained 
normal,  while  the  general  condition  markedly  improved.  At  the  height  of 
the  disease  the  hemoglobin  sank  to  7  per  cent,  by  weight,  and  the  number 
of  red  blood-corpuscles  was  diminished  to  3,800,000.  The  variations  of 
temperature  were  not  accompanied  l)y  any  striking  changes  in  the  blood. 
The  spleen  was  moderately  enlarged.  At  the  height  of  the  disease  the 
general  physical  condition  seemed  to  be  decidedly  better  during  the  febrile 
periods  than  in  the  intervening  afebrile  intervals. 

This  case  recalls  the  temj)erature  curves  which  have  been  occasion- 
ally observed  in  so-called  ])seudoleukemia  and  in  pernicious  anemia 
and  which  have  been  described  as  chronic  relapsing  fever  (Ebstein/^" 
V.  Noorden^"). 

COMPLICATIONS. 

Accidental  Complications. — In  the  course  of  a  disease,  such 
as  chlorosis,  which  has  improvements,  exacerbations,  pauses,  and  re- 
lapses lasting  for  montlis  and  years,  a  great  ojijiortunity  is  given  for 
complication  with  other  diseases.  Chlorosis  even  favors  the  simultane- 
ous outbreak  of  other  affections — this  statement  being  particularly  true 
of  the  acute  infectious  diseases.  A  still  more  striking  fact  is  that  chlo- 
rotics are  greatly  endangered  by  all  infections.  Tvj>hoid  fever,  jmeu- 
monia,  influenza,  and  scarlet  fever  arc  diseases  wliicb  rarely  give  rise  to 
much  apprehension  when   they  attack  young  and   healthy  individuals ; 
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in  chlorotics,  however,  the  type  of  the  disease  is  much  more  severe. 
Tlie  cerebral  febrile  symptoms  are  particularly  marked  and  the  patients 
soon  pass  into  the  stages  of  stupor  and  delirium.  This  is  the  cause  of 
the  Avell-known  diiiiculty  of  nursing  and  feeding  such  patients ;  after  a 
few  febrile  days,  chlorotics  are  frequently  in  a  condition  of  weakness 
that  other  patients  would  not  have  attained  after  a  febrile  period  lasting 
two  or  three  times  as  long.  In  acute  articular  rheumatism,  to  which 
chlorotics  are  decidedly  predisposed,  we  have  observed  that  endocar- 
ditis or  pericarditis  almost  always  makes  its  appearance  and  that  an 
organic  heart  lesion  remains  behind  in  most  cases.  This  recalls  the 
statement  of  Virchow,*  that  grave  diseases  of  the  endocardium  were 
rarely  absent  in  cases  of  puerperal  sepsis  in  chlorotics. 

The  acute  and  chronic  infectious  diseases,  as  well  as  the  numerous 
organic  affections,  are  only  accidental  complications  of  chlorosis.  We 
would  also  include  tuberculosis  in  this  category,  although  some  authors 
suppose  that  there  is  a  more  intimate  connection  between  tuberculosis 
and  chlorosis  (see  p.  405).  Bright's  disease  is  deserving  of  no  more 
independent  position,  and  it  would  only  lead  to  confusion  if  we  should 
assume  the  existence  of  an  intimate  relationship  between  the  two  dis- 
eases from  a  few  common  symptoms  and  recognize  the  mixed  form 
which  the  French  authors  have  described  as  "  Chloro-Brightism."  We 
have  previously  touched  upon  this  question  and  will  return  to  it  again 
in  the  section  upon  Diagnosis. 

There  is  also  a  series  of  diseases  or  of  symptom-complexes  which 
appear  rather  frequently  in  chlorosis,  and  which  are  so  combined 
with  the  symptomatology  of  the  disease  that  they  can  no  longer  be 
designated  as  purely  accidental  complications.  In  the  previous  sections 
this  variety  of  complication  has  been  sufficiently  considered. 

There  are  two  affections  which,  to  our  minds,  assume  an  interme- 
diate position  between  the  purely  accidental  complications  and  those 
which  are  immediately  dependent  upon  the  disease.  These  are  gastric 
ulcer  and  Basedow's  disease. 

Gastric  Ulcer. — The  text-books  have  always  pointed  out  the 
connection  between  the  round  gastric  ulcer  and  chlorosis.  Unfor- 
tunately, we  possess  no  extensive  statistics  in  reference  to  the  simulta- 
neous occurrence  of  the  two  diseases.  We  can  not  learn  much  from 
individual  series  of  statistics  from  this  and  that  clinic,  since  it  is  be- 
coming more  and  more  evident  that  gastric  ulcer  does  not  occur  with 
uniform  frequency  in  the  different  parts  of  the  country  and  in  the 
different  classes  of  society.  We  might  quote  Luzet,^  who  expressly 
states  that  the  frequent  complication  with  gastric   ulcer,  reported  by 
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German  authors,  is  not  observed  in  France.  We  were  impressed  with 
the  rarity  of  gastric  ulcer  in  the  chlorotics  treated  at  the  Charite,  in 
Berlin,  after  we  had  previously  learned,  as  assistant  in  the  Clinic  at 
Giessen,  to  look  upon  gastric  ulcer  as  a  very  frequent  complication  of 
chlorosis.  Another  condition  making  a  critical  decision  difficult  is  the 
fact  that  the  diagnosis  of  "  gastric  ulcer  "  is  sometimes  made  quite  arbi- 
trarily. Many  physicians  are  too  quick  to  diagnose  gastric  ulcer ;  the 
natural  result  is  that  they  frequently  prescribe  a  series  of  dietetic  regu- 
lations for  their  chlorotics  with  dyspeptic  symptoms,  and  the  patient  is 
harmed  more  than  she  is  helped.  We  would  state  our  own  experience 
as  follows  :  Among  the  girls  and  young  women  who  certainly  have  gastric 
ulcer  there  is  always  a  relatively  large  number  of  chlorotics.  When 
we  reflect  upon  the  enormous  number  of  chlorotics,  however,  there  are 
but  few  who  simultaneously  present  absolute  signs  of  gastric  ulcer.  In 
our  last  35  cases  of  chlorosis,  mostly  of  a  severe  type,  we  were  able  to 
diagnose  a  gastric  ulcer  definitely  in  but  1  instance ;  in  a  second  case, 
the  presence  of  a  gastric  ulcer  could  only  be  suspected  with  a  fair  degree 
of  probability. 

Many  views  have  been  expressed  as  to  the  causes  which  assist  in 
the  formation  of  a  gastric  ulcer  in  chlorosis.  The  greatest  addition  to 
our  knowledge  upon  this  subject  was  made  by  the  brilliant  experiments 
of  Quincke  ^^  and  of  Dettwyler.^'  When  they  injured  the  gastric 
mucous  membrane  of  animals,  rapid  repair  was  the  usual  result.  If 
the  animal  was  simultaneously  made  anemic  by  venesection,  the  repara- 
tive process  was  greatly  delayed  or  entirely  failed  to  make  its  appear- 
ance. If  this  knowledge  is  applied  to  the  human  individual  we  must 
assume  that,  with  the  existing  anemia  (or  chlorosis),  the  gastric  mucous 
membrane  is  more  sensitive  to  deleterious  thermal,  mechanical,  and 
chemic  influences  and  is  more  easily  injured  by  them  than  in  health. 
If  the  injury  has  once  taken  place,  the  anemic  quality  of  the  blood 
interferes  with  repair  and  an  ulcer  results.  This  hypothesis  is  also 
supported  by  the  observation  of  Riegel  ^  and  others,  that  both  chlo- 
rosis and  gastric  ulcer  arc  accompanied  by  hyperacidity  of  the  gastric 
juice  (see  p.  418);  the  high  degree  of  acidity  constantly  injures  the 
base  of  the  ulcer  and  delays  repair. 

If  a  gastric  ulcer  is  present  the  treatment  must,  of  course,  be  chiefly 
directed  toward  this  affection.  Rest  in  bed  and  the  well-known  re- 
stricted diet  are  indicated.  Besides  this  the  administration  of  iron 
should  never  be  neglected,  since  the  improvement  of  the  chlorosis  is  of 
the  most  extreme  importance  for  the  rapid  cure  of  the  ulcer.  Great 
caution  must  be  observed  in  the  administration  of  iron  by  mouth.     If 
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the  iron  is  given  in  greatly  diluted  solutions,  we  can  not  conceive  why 
gastric  ulcer  should  be  regarded  as  a  contra-indication  to  its  adminis- 
tration. The  much-feared  corrosive  action  of  iron  is  observed  only 
with  the  solutions  of  more  marked  concentration.  In  such  cases  we 
prefer  dilute  solutions  of  ferric  chlorid.  If  the  dilute  solutions  of  the 
iron  salt  should  not  be  well  borue,  the  only  thing  left  is  the  subcutaneous 
injection  of  citrate  of  iron,  according  to  the  suggestion  of  Quincke. 

Basedow's  Disease. — The  relations  between  chlorosis  and  Base- 
dow's disease  are  most  remarkable  and  still  unexplained.  It  has  long 
been  known  that  a  completely  developed  Basedow's  disease  or  some  of 
its  well-known  features  are  of  frequent  occurrence  in  chlorosis.  This 
was  energetically  pointed  out  by  Wunderlich.'^*  In  Germany  this  con- 
nection was  later  called  in  question  and  the  association  of  the  two  dis- 
eases was  regarded  more  as  an  accidental  occurrence.  Such  were  the 
views  expressed  by  Eulenburg^^  and  Immermann.^  The  French  held 
much  more  rigidly  to  the  teaching  that  chlorosis,  to  a  certain  extent, 
assisted  in  the  production  of  Basedow's  disease  (Teissier,^  Hayem,^ 
Luzet  ^).  Chvostek  '^^  has  recently  directed  attention  to  this  point  in  a 
most  meritorious  manner.  He  described  several  cases  of  chlorosis 
which  were  associated  with  distinct  symptoms  of  Basedow's  disease. 
On  the  whole,  the  publications  are  scanty  and  rather  uncertain. 

It  is  far  from  our  tlioughts  to  claim  that  there  is  an  intimate  rela- 
tion between  the  two  diseases,  and  all  the  more  so,  because  we  are 
decidedly  of  the  opinion  that  Basedow's  disease  is  a  peculiar  anomaly 
of  metabolism  dependent  upon  disease  of  the  thyroid  gland,  while  we 
would  trace  the  origin  of  chlorosis  to  other  organs  (sexual  apparatus 
and  bone-marrow).  Both  of  these  affections  are  diseases  of  metabolism, 
quite  difi'erent  in  their  nature,  which  are  frequently  found  associated 
with  each  other,  just  as  gout  and  diabetes,  or  diabetes  and  pathologic 
obesity  are  often  observed  in  the  same  individual. 

In  chlorotics  tlie  most  frequent  symptoms  of  Basedow's  disease  are 
enlargement  of  the  thyroid  gland  (the  "  struma  chlorotica  "  of  some 
authors),  a  permanent  increase  of  the  pulse-rate,  hyperhidrosis,  and 
tremor.  Exophthalmos  is  more  rare,  although  it  is  occasionally 
observed. 

In  the  following  statistics  we  have  omitted  tliose  cases  in  which  only 
one  of  the  above-mentioned  symptoms  was  present.  Of  255  cases  of 
chlorosis 

7  cases  had  enlargement  of  the  thyroid  gland,  exophthalmos, 
accelerated  heart  action,  tremor,  hyperhidrosis,  and  muscular 
unrest. 
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4  cases  had  enlargement  of  the  thyroid  gland,  tachycardia,  tremor, 
and  hyperhidrosis. 

7  cases  had  tachycardia,  tremor,  and  hyperhidrosis. 

5  "        tachycardia  and  tremor. 

3  "        tachycardia  and  hyperhidrosis. 

3  "        enlargement  of  the  thyroid  gland  and  tachycardia. 

5  "a  vascular  enlargement  of  the  thyroid  gland  without 

concomitant  symptoms. 
Of  the  255  cases  it  will  be  seen  that  there  were  34  which  presented 
symptoms  of  Basedow's  disease.     These  symptoms  sometimes  persisted 
after  the  disappearance  of  the  chlorosis  and  sometimes  they  were  dis- 
tinctly developed  only  at  the  height  of  the  disease. 

AVe  must  record  1  case  in  particular.  It  was  one  of  the  rarest 
clinical  occurrences  that  we  have  ever  encountered  : 

The  patient  was  a  girl,  twenty-two  years  of  age.  She  said  she  had  suf- 
fered repeatedly  from  chlorosis,  and  that  during  one  of  the  previous  attacks 
her  neck  had  hecome  larger  in  circumference.  When  we  first  saw  the  patient 
she  had  a  severe  type  of  pure  chlorosis,  which,  according  to  her  statements, 
had  reached  its  maximum  development  in  ten  to  fourteen  days.  In  addition 
to  the  marked  paleness  of  the  blood  and  of  the  skin  there  was  such  an  ex- 
treme degree  of  muscular  weakness  that  the  patient  was  confined  to  bed. 
The  neck  was  34  cm.  in  circumference  ;  there  was  not  the  slightest  indication 
of  an  enlargement  of  the  thyroid  gland.  Two  days  later,  the  neck  was  38 
cm.  in  circumference,  the  pulse- rate  had  increased  from  80  to  106,  and  the 
eyeballs  were  distinctly  protuberant.  In  the  two  succeeding  days  the  cir- 
cumference of  the  neck  increased  to  302  cm.,  there  was  a  markedly  palpable 
and  pulsating  enlar-gement  of  the  thyroid  gland,  vascular  murmurs  could 
be  heard  over  the  thyroid,  the  exophthalmos  became  more  marked,  and  there 
was  permanent  hyperhidrosis,  sleeplessness,  and  extreme  weakness.  This 
was  the  acme  of  the  disease.  Upon  the  following  day  all  the  phenomena 
commenced  to  disappear,  and  after  five  more  days  the  patient  showed  no  in- 
dication of  having  passed  through  an  acute  attack  of  Basedow's  disease. 
The  circumference  of  the  neck  returned  to  342  cm.  and  the  pulse-rate  sank 
to  74.  From  the  first  day  of  observation  (and,  consequently,  before  the 
appearance  of  the  symptoms  of  Basedow's  disease)  tlie  treatment  had  con- 
sisted of  the  administration  of  iron  and  arsenic. 

If  Basedow's  disease  is  associated  with  chlorosis,  the  therapeutic 
measures  to  be  recommended  are  the  greatest  possible  mental  rest,  the 
avoidance  of  ])hysical  exertion,  an  abundant  diet,  and  the  employment 
of  arsenic,  with  or  without  the  simultaneous  administration  of  iron. 
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In  reference  to  the  course  of  the  disease  we  may  differentiate  the 
following  groups  : 

Simple  Chlorosis. — Ordinary  chlorosis  appears  in  a  series  of 
attacks.  It  develops  more  or  less  rapidly — i.  e.,  in  a  few  days  or 
weeks — until  it  reaches  a  certain  acme,  where  it  remains  for  a  longer  or 
shorter  period  of  time,  frequently  exhibiting  slight  variations  for  the 
better  or  for  the  worse,  and  then  gradually  disappears.  The  entire 
attack  usually  lasts  for  from  two  to  four  months.  Complete  recovery 
is  rarely  attained  upon  the  subsidence  of  the  actual  attack,  and  the 
blood  but  rarely  returns  quickly  to  assume  its  normal  composition. 
As  a  rule,  slight  disturbances  of  the  general  health,  pallor,  retardation 
or  irregularity  of  the  menses,  and  incomplete  regeneration  of  the  blood 
are  present  for  quite  a  time  as  evidence  of  the  past  disease.  Recovery 
finally  occurs  after  the  lapse  of  six  months  or  of  a  somewhat  longer 
period.  The  disappearance  of  the  disease  may  be  permanent,  but  in 
the  majority  of  cases  recurrences  are  observed,  which  may  be  repeated 
for  a  number  of  years.  It  has  been  observed  that  certain  individuals 
are  always  reattached  by  chlorosis  at  definite  seasons  of  the  year,  and 
such  cases  are  known  as  winter  chlorosis,  spring  chlorosis,  etc.,  as  the 
case  may  be.  According  to  O.  Rosenbach,'  late  summer  chlorosis  is 
said  to  be  the  most  frequent  form.  This  is  an  exj^erience  that  we 
can  not  confirm  ;  in  our  patients  with  annual  attacks  of  chlorosis  the 
majority  were  affected  during  the  spring. 

The  development  of  the  disease  may  be  characterized  by  longer 
periods  of  time  between  the  successive  attacks.  This  is  particularly  the 
case  in  strong  young  girls  who  are  well  nourished  ;  it  is  more  frequently 
encountered  in  the  higher  classes  of  society  than  among  the  working 
population,  and  is  more  common  in  individuals  who  are  attacked  rela- 
tively late  in  life  (seventeen  to  nineteen)  than  in  very  young  girls.  The 
prognosis  is  decidedly  favorable.  A  certain  tendency  to  recurrence  per- 
sists until  maturer  years,  sometimes  extending  into  the  fourth  decennium, 
particularly  in  unmarried  and  in  childless  women.  In  this  form  of 
chlorosis,  pregnancy  has  an  opposing  influence  to  the  recurrences  of  the 
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disease.  The  tendency  to  recurrence  finally  disappears  without  leaving 
behind  any  permanent  damage  from  the  past  disease. 

The  great  majority  of  the  cases  of  chlorosis  pursue  the  course  which 
has  just  been  described. 

Chronic  Chlorosis. — Under  this  head  are  included  those  cases 
which  last  for  a  number  of  years,  sometimes  ten  or  twenty.  In  the 
protracted  course  of  the  disease  there  are  improvements  and  exacerba- 
tions, but  the  patients  are  always  pale,  and  the  hemoglobin  of  the  blood 
is  diminished.  In  these  cases  there  is  always  a  simultaneous  diminu- 
tion of  the  number  of  the  red  blood-corpuscles.  The  patients  always 
present  symptoms,  particularly  disturbances  of  menstruation,  some 
variety  of  dyspeptic  phenomena,  muscular  weakness,  and  fatigue  upon 
slight  exertion.  In  time  the  general  nutrition  almost  always  suffers, 
the  resistance  of  the  nervous  system  is  diminished,  and  hysteria  and 
neurasthenia  find  an  excellent  basis  for  their  development. 

Chronic  chlorosis  is  also  characterized  by  the  occurrence  of  distinct 
attacks,  inasmuch  as  the  periods  of  improvement  and  of  exacerbation 
alternate  with  each  other  independently  of  any  form  of  treatment. 
Since  the  disease  does  not  completely  disappear,  in  spite  of  the  best 
care  and  treatment,  it  is  to  be  supposed  that  this  type  is  due  to  a  per- 
manent, or  to  a  gradually  disappearing,  disturbance  of  function.  It 
can  be  scarcely  anything  else  than  a  condition  of  atony  of  the  hemato- 
poietic organs.  The  cause  of  this  atony  can  not  always  be  established ; 
sometimes,  probably  in  the  majority  of  cases,  it  depends  upon  an 
aplasia,  comparable  to  other  instances  of  retarded  development  (dwarfs, 
deficient  development  of  the  bones,  of  the  vascular  apparatus,  of  the 
breasts,  or  of  the  genitalia),  which  may  occur  separately  or  combined 
with  the  chronic  form  of  chlorosis,  and  which  probably  provide  the 
basis  for  the  development  of  the  disease  (vascular  anomalies,  anom- 
alies of  the  sexual  organs).  In  other  cases  with  well-developed 
organs,  deleterious  influences,  such  as  unfavorable  nutritive  conditions 
or  latent  tuberculosis,  may  permanently  affect  the  function  of  blood- 
formation.  We  do  not  consider  it  advisable  to  designate  such  cases  as 
chlorosis. 

The  chronic  form  of  chlorosis  begins  very  early  in  the  first  half  of 
the  second  decennium,  or  it  may  even  date  back  to  the  years  of  ciiild- 
hood ;  in  rare  instances  the  disease  may  not  appear  until  the  eighteenth 
year  or  even  later.  These  individuals  are  usually  weakly  and  also  pre- 
sent other  signs  of  retarded  development  (a  small  or  slender  body,  a 
delicate  osseous  system,  scanty  musculature,  deficient  panniculus  adipo- 
sus,  hypoplastic  mammary  glands,  deficiencies  of  the  internal  genitalia). 
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Sometimes  one,  and  sometimes  several,  of  these  signs  of  degeneration 
may  be  present.  This  type  of  the  disease  rarely  afieets  those  of  strong 
and  well-developed  pliysi(iue. 

The  termination  of  these  cases  varies  greatly.  Complete  recovery 
frequently  occurs  after  tho  chlorosis  has  existed  for  years.  This  shows 
that  a  congenital  or  acquired  insufficiency  of  the  hematopoietic  organs 
may  be  overcome  by  subse(iuent  maturation.  In  this  respect  the  treat- 
ment is  of  great  importance.  In  some  cases  the  favorable  influence  of 
married  life  is  unmistakable;  in  other  instances  the  chlorosis  disappears, 
but  is  particularly  likely  to  return  during  pregnancy  or  the  puerperium. 
Kecovery  does  not  always  take  place.  Many  women  remain  more  or 
less  chlorotic  all  their  lives  or,  at  least,  until  the  menopause.  Without 
ever  being  dangerously  ill,  they  always  suffer  from  some  of  the  symp- 
toms which  are  common  in  the  chlorosis  of  youth.  The  cardinal  symp- 
tom of  the  chlorosis  of  younger  years,  the  pallor  of  the  skin,  gradually 
disappears  with  advancing  age,  since  the  capillaries  dilate  and  marked 
pigmentations  make  their  appearance.  This  peculiarity  of  old  cases 
often  causes  us  to  forget  the  possibility  of  the  presence  of  chlorosis.  If 
the  anemnesis  is  carefully  elicited,  however,  the  symptoms  present  may 
be  traced  directly  to  an  undoubted  chlorosis  of  youth  ;  the  examination 
of  the  blood  regularly  reveals  a  marked  decreas  of  hemoglobin,  which 
sharply  contrasts  with  the  aj)pearance  of  the  patient. 

The  prognosis  of  these  forms  of  chlorosis,  which  are  chronic  from 
their  first  appearance,  is  subject  to  great  variation.  They  frequently 
end  in  recovery,  but  even  these  favorable  cases  may  furnish  cause 
for  alarm.  If  the  blood  is  watery  and  poor  in  hemoglobin  at  the 
time  of  the  most  rapid  development  of  body  and  mind,  the  resistance 
of  the  organism  later  in  life  must  be  impaired.  Deficient  physical 
development,  impairment  of  physical  and  mental  energy,  a  badly  trained 
will  and  reason,  deficient  education,  and  capriciousness  are  frequently 
the  results  of  long-continued  chlorosis  and  of  the  enforced  idleness 
of  the  body  and  of  the  mind,  which  the  disease  imposes  upon  its 
victims. 

It  must  also  be  remembered  that  chlorosis,  particularly  the  chronic 
form,  cultivates  the  ground  fi)r  the  development  of  other  diseases,  and 
delays  the  convalescence  of  intercurrent  affections.  In  chronic  chlorosis 
it  should  also  be  borne  in  mind  that  the  case  may  not  be  one  of  pure 
chlorosis — i.  e.,  a  disturbance  which  is  limited  to  deficient  blood-forma- 
tion. Other  grave  developmental  disturbances  may  also  be  present, 
such  as  hypoplasia  of  the  vascular  system  with  the  danger  of  subsequent 
cardiac  weakness,  hypoplasia  or  functional  disability  of  the  genitalia 
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with  the  danger  of  permanent  sterility ;  or  the  chronic  anemia  may  only 
simulate  chlorosis  and  actually  be  due  to  a  latent  tuberculosis. 

Chlorosis  with  Complications. — Chlorosis  favors  the  develop- 
ment of  certain  other  diseases,  some  of  which  are  dangerous  and  even 
fatal.  Two  such  complications  are  gastric  ulcer  and  thrombosis. 
Together  with  trauma  and  intoxications,  they  constitute,  by  far,  the 
most  frequent  causes  of  death  in  chlorotic  girls  and  women.  All  other 
complications  intimately  connected  with  chlorosis  are  not  dangerous  to 
life,  but  they  may  render  the  disease  more  serious  and  delay  recovery. 
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Chloeosis  does  not  belong  to  the  diseases  with  pathognomonic 
symptoms.  Every  individual  symptom  is  observed  in  other  dis- 
eases, particularly  in  the  remaining  forms  of  anemia  and,  on  the  other 
hand,  with  the  exception  of  the  impoverishment  of  the  hemoglobin  of 
the  blood — which  is  common  to  all  anemias — there  is  no  symptom 
which  can  not  be  wanting  in  the  individual  case  without  aifecting  the 
diagnosis.  The  diagnosis  must  not  be  based  upon  individual  symptoms, 
but  upon  the  entire  clinical  picture  and  upon  the  exclusion  of  other  dis- 
eases. The  diagnostic  features  are  consequently  partly  of  a  positive 
and  partly  of  a  negative  character. 

POSITIVE  DIAGNOSTIC  FEATURES. 

The  Anemic  Condition  of  the  Blood. — A  diminution  of  the 
amount  of  hemoglobin  in  the  blood  is  the  foundation  upon  which  the 
diagnosis  is  based,  A  patient' who  is  apparently  anemic  and  yet  whose 
blood  contains  a  normal  percentage  of  hemoglobin  may  be  designated 
as  anemic  or  as  oligemic,  but  never  as  chlorotic.  On  the  other  hand,  it 
can  not  be  maintained  that  in  chlorosis  only  the  hemoglobin  is  dimin- 
ished and  not  the  number  of  red  blood-corpuscles.  As  a  rule,  the 
hemoglobin  impoverishment  is  greater  than  the  decrease  in  the  number 
of  red  cells ;  if  the  opposite  condition  obtains,  it  is  evidence  against 
the  existence  of  chlorosis.  The  normal  or  approximately  normal  con- 
dition of  the  leukocytes  is  also  to  be  emphasized. 

The  Female  Sex. — While  we  do  not  deny  the  possibility  of  the 
development  of  anemic  conditions  and  their  sequelae  in  the  male  sex, 
particularly  in  the  young,  which  may  be  dependent  upon  the  same  dis- 
turbances of  the  hematopoietic  function,  as  is  chlorosis,  we  do  not  believe 
that  the  occurrence  of  such  a  condition  has  been  definitely  proved. 
Until  we  are  fully  cognizant  of  all  the  causes  fur  tlie  development  of 
the  disease,  ihe  word  "  chlorosis  "  should  be  reserved  for  the  female  sex 
(see  pages  341,  342,  and  347). 

The  Youthful  Age  of  the  Patient. — Great  weight  is  to  be 
laid  upon  tliis  point.  The  anemias  of  childhood  (until  about  the  twelfth 
year)  can  but  rarely  be  designated  as  true  chlorosis.     Considerable  hesi- 
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tation  should  also  be  exercised  in  diagnosing  as  chlorosis  those  anemias 
which  develop  in  the  second  half  of  the  third  decenniuni  in  individuals 
who  have  never  been  chlorotic.  Nevertheless,  advanced  age  does  not 
exclude  chlorosis,  particularly  if  the  anamnesis  reveals  the  previous  ex- 
istence of  attacks  of  chlorosis  or  if  the  chlorosis  has  been  present  as  a 
chronic  condition  since  the  age  of  puberty.  In  elderly  women  and  in 
girls  a  careless  diagnosis  of  chlorosis  is  made  much  too  frequently  and 
with  the  greatest  detriment  to  the  patients.  Not  only  should  other 
causes  of  anemia  be  excluded,  but  the  diagnosis  should  be  confirmed  by 
an  examination  of  the  blood.  There  are  quite  a  number  of  women 
who  apparently  have  chlorosis  and  who  present  many  features  of  the 
disease,  yet  their  blood  is  rich  in  hemoglobin  and  in  red  blood-corpuscles. 
The  discovery  of  such  a  condition  of  affairs  would  at  once  exclude  the 
presence  of  chlorosis. 

Deficient  Development  of  the  Sexual  Organs. — Although 
true  chlorosis  occurs  in  individuals  with  perfectly  developed  organs  of 
generation,  it  is,  nevertheless,  an  established  fact  that  a  deficient  develop- 
ment of  these  organs,  together  with  the  so-called  signs  of  degeneration 
in  some  portion  of  the  sexual  apparatus,  are  much  more  frequently 
found  in  chlorotics  than  in  other  women.  \Vhether  this  hypoplasia  is 
to  be  regarded  as  the  direct  or  indirect  cause  of  the  chlorosis,  the  exist- 
ence of  the  anomaly  is,  nevertheless,  a- point  in  favor  of  the  diagnosis. 

Marked  and  Rapid  Improvement  upon  the  Administra- 
tion of  Iron. — The  curative  action  of  iron  is  also  observed  in  other 
forms  of  anemia,  but  never  so  distinctly  as  in  chlorosis.  If,  however, 
the  case  does  not  improve  when  placed  upon  iron,  it  is  not  to  be  sup- 
posed that  chlorosis  is  not  present. 

The  Rapid  Development  of  Anemia  by  a  Series  of 
Attacks. — This  is  indicative  of  chlorosis,  if  no  other  disease,  particu- 
larly the  losses  of  large  amounts  of  blood,  can  be  made  responsible  for 
the  anemia.  Tliis  peculiarity  of  chlorosis  is  very  important  from  a 
diagnostic  standpoint.  In  chronic  anemias  of  uniform  intensity,  which 
last  for  years,  great  caution  must  always  be  observed  in  designating  the 
case  as  one  of  chlorosis. 

The  General  Condition  of  the  Patient. — Of  the  long  list  of 
symptoms  and  signs  peculiar  to  chlorosis,  a  certain  number  are  always 
absent  in  tlie  individual  case.  No  two  cases  of  chlorosis  are  absolutely 
alike  :  in  one  case,  one  set  of  symptoms  predominate,  while  in  another 
an  entirely  different  train  of  disturbances  is  observed.  The  entire 
symptom-complex,  and  the  appearance,  course,  and  disapj)earance  of 
the  disease  are,  however,  highly  characteristic  and  of  more  diagnostic 
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significance  to  the  experienced  physician  than  the  most  careful  analysis 
of  the  individual  symptoms. 

NEGATIVE  DIAGNOSTIC  FEATURES. 

Since  practically  all  of  the  symptoms  of  chlorosis  are  found  in 
other  forms  of  anemia  it  is  of  considerable  importance,  in  every  case, 
to  exclude  the  presence  of  other  diseases  of  the  blood.  An  examina- 
tion of  the  blood  will  exclude  some  of  these  affections,  such  as  both 
forms  of  leukemia,  severe  cases  of  so-called  pernicious  anemia,  and  the 
cases  of  secondary  anemia,  which  are  accompanied  by  extreme  leuko- 
cytosis. Other  forms  of  anemia,  which  are  sharply  differentiated  from 
chlorosis  by  their  etiology,  may  produce  a  clinical  picture  and  a  condi- 
tion of  the  blood  which  resembles  true  chlorosis.  The  affections  to 
which  the  attention  of  the  diagnostician  is  to  be  directed  may  be  best 
indicated  by  a  consideration  of  those  diseases  with  which  chlorosis  is 
most  frequently  confused  in  practice. 

Intestinal  Parasites. — It  has  long  been  known  that  Anl-ylosto- 
mum  duodenale  and  Bothrioccphalus  latus  can  produce  anemia.  In 
regions  where  these  parasites  are  common  they  are  rarely  overlooked ; 
elsewhere  they  are  likely  to  give  rise  to  confusion.  Up  to  the  present 
time  M'e,  personally,  have  treated  only  2  cases  of  bothriocephalus  anemia. 
In  both  instances  the  patients  were  young  girls  who  had  been  regarded 
as  chlorotics  for  a  long  time.  The  expulsion  of  the  worm  was  followed 
by  rapid  recovery.  Opinions  vary  in  reference  to  Tcenia  mediocanellata 
and  Tcenia  solium — the  latter  worm  scarcely  ever  occurring  in  Germany 
at  the  present  time.  In  the  majority  of  cases,  according  to  our  experi- 
ence, these  worms  do  not  cause  a  trace  of  anemia.  In  children  and  in 
young  girls  who  are  predisposed  to  anemia,  however,  they  are  not  rarely 
the  determining  causes  of  an  impoverishment  of  the  blood.  If  this 
were  not  the  case  it  would  be  hard  to  understand  the  rapid  recovery 
from  the  anemia  after  the  expulsion  of  the  i>arasite.  AVe  have  seen 
several  such  cures  in  cases  which  previously  had  been  unsuccessfully 
treated  with  iron  for  long  periods  of  time.  The  same  statements  are 
true  of  Aftcaris  lumbricoidcs.  From  those  facts  it  will  be  seen  that  in 
every  case  of  anemia  the  evacuations  of  the  patient  should  be  exam- 
ined microscopically  for  the  presence  of  tlie  eggs  of  parasites,  although 
the  diagnosis  be  ever  so  well  founded.  In  obstinate  cases  of  anemia 
such  an  examination  is  of  particular  importance. 

Tuberculosis. — Inei[)ient  tuberculosis  frequently  produces  an 
anemic  condition  that  strongly  resembles  chlorosis.  It  is  not  always 
possible  to  differentiate  the  two  affections  from  their  symptomatology 
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and  from  the  condition  of  the  blood.  The  similarity  may  extend  even 
further,  since,  in  both  cases,  the  cause  of  the  anemia,  or  the  changed 
relations  of  the  processes  of  blood-formation  and  of  blood-destruction, 
may  be  identical.  Their  etiology,  however,  is  different  and  the  proper 
diagnosis  of  the  condition  is  consequently  of  the  greatest  importance. 
It  is  possible  that  a  girl  with  old  or  recent  tubercular  foci  in  her  lymph- 
atic ghinds  or  lungs  can  also  develop  a  true  chlorosis,  but  it  is  more 
cautious  from  a  prognostic  and  therapeutic  standpoint  to  exclude  this 
possibility  and  to  regard  tuberculosis  when  present  as  the  cause  of  the 
anemia  in  every  case.  Tuberculosis  may  be  recognized  in  its  early 
stages  by  a  careful  consideration  of  the  anamnesis  and  by  frequently 
repeated  examinations  of  the  lymphatic  system  and  of  the  lungs. 
Temperature  records  are  of  but  relatively  small  assistance ;  their  im- 
portance for  the  differential  diagnosis  between  chlorosis  and  the  early 
stages  of  tuberculosis  has  been  greatly  overestimated.  Tuberculosis 
sometimes  makes  its  appearance  unattended  by  fever,  and  long-continued 
measurements  of  the  temperature  several  times  every  day  may  conse- 
quently reveal  nothing  abnormal.  Upon  the  other  hand,  temperatures 
of  38.5  C.  (101.3  F.)  and  higher  are  occasionally  observed  in  cases 
which  subsequently  prove  to  be  undoubted  chlorosis.  In  these  cases 
the  reaction  of  the  body  to  tuberculin  seems  to  us  to  be  of  the  greatest 
importance.  We  always  employ  it  in  doubtful  cases  and  are  very  well 
pleased  with  the  diagnostic  aid  furnished  by  the  procedure.  The  habitual 
temperature  curve  of  the  patient  is  first  ascertained  by  repeated  measure- 
ments of  the  temperature  at  stated  intervals  for  several  days.  One 
mg.  of  tuberculin  is  then  injected,  preferably  late  in  the  evening ;  if 
there  is  no  abnormal  rise  of  temperature  upon  the  following  morning 
or  afternoon,  3  mg.  should  be  injected,  and  this  is  to  be  followed  with 
5  mg.  upon  the  succeeding  day  if  the  result  is  still  negative.  Fevei' 
after  the  injection  definitely  indicates  the  presence  of  tuberculosis ;  if 
the  temperature  remains  normal,  the  absence  of  tuberculosis  is  almost 
as  positively  indicated.  In  our  opinion,  there  are  no  other  conditions 
in  which  the  results  of  the  injection  of  tuberculin  are  so  significant  and 
decisive  as  in  chlorosis  and  tuberculosis  (see  p.  460). 

The  Simple  Anemias. — These  are  due  to  unhealthy  modes  of 
life,  to  damp  lodgings,  to  deficient  light,  air,  and  exercise,  to  ina])pro- 
priate  diet,  to  lack  of  sleep,  and  to  an  overburdening  of  the  youthful 
organism  with  mental  or  physical  work.  These  deleterious  influences 
will  produce  anemia  in  all  individuals,  whether  they  are  young  or  old, 
male  or  female ;  they  are  evidently  instrumental  in  paralyzing  the 
hematopoietic   organs  and  in  preventing  a  healthy  ibrination  of  blood. 
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We  are  still  ignorant  of  the  portion  of  the  organism  first  attacked  and 
of  the  method  of  operation  of  these  injurious  influences.  The  blood, 
particularly  in  elderly  individuals,  frequently  assumes  characteristics 
which  differentiate  it  from  that  of  true  chlorosis.  The  hemoglobin  im- 
poverishment is  but  slightly,  if  at  all,  more  marked  than  the  decrease 
in  the  number  of  cells,  and  the  scrum  usually  loses  in  density  and 
albumin  percentage.  There  are  but  few  whose  blood  examinations  are 
accurate  enough  to  form  the  basis  of  a  differential  diagnosis.  Even 
when  these  results  are  accurate  they  are  not  to  be  depended  upon,  since 
it  is  only  the  extremes  that  are  characteristic.  The  extremes,  however, 
may  be  recognized  without  such  complicated  diagnostic  accessories  and 
the  analysis  of  the  blood  rarely  allows  of  positive  conclusions  when  the 
clinical  diagnosis  is  in  doubt.  The  conditions  are  still  more  complicated 
by  the  fact  that  all  those  deleterious  influences  which  cause  simple 
anemia  in  other  individuals  may  produce  a  true  chlorosis  in  those  who 
are  predisposed  by  age  and  sex,  which  loses  more  or  less  of  its  reaction 
to  the  exciting  cause  and  continues  to  exist  as  an  independent  affection. 
This  gives  rise  to  new  difficulties  in  the  critical  study  of  anemic  condi- 
tions in  girls  and  women,  and  we  are  confronted  by  the  question, 
"  Where  does  simple  anemia  cease  and  where  does  chlorosis  begin  as  an 
independent  disease  ?"  The  practical  difficulties  are  by  no  means  so  great 
as  are  the  theoretic  ones.  If  a  careful  study  of  the  mode  of  life  reveals 
gross  examples  of  some  of  the  previously  mentioned  deleterious  influ- 
ences, it  is  always  advisable  to  designate  them  as  the  most  likely  cause 
of  the  anemia  and  to  refrain  temporarily  from  diagnosing  the  case  as  a 
chlorosis  which  has  become  independent  of  the  exciting  cause.  This  is 
of  therapeutic  importance,  since  it  would  be  a  grave  error  to  attempt  to 
cure  such  a  case  by  the  administration  of  iron  when  good  beefsteak, 
sufficient  rest,  and  healthier  lodgings  are  indicated. 

Anemia  from  Hemiorrhage. — Almost  the  only  hemorrhages  to 
be  considered  under  this  head  are  the  hematemeses  of  gastric  ulcer ; 
hemorrhages  from  the  intestine  are  of  rarer  occurrence.  All  other 
hemorrhages  excite  such  attention  that  they  are  sufficiently  appreciated 
by  both  the  physician  and  the  patient.  This  is  not  so  with  the  hemor- 
rhages occurring  in  the  upper  portion  of  the  gastro-intestinal  canal. 
Gastric  or  duodenal  ulcer  often  produces  no  symptoms  or  there  are 
no  greater  disturbances  present  than  in  the  majority  of  cases  of  chlo- 
rosis. The  escajiing  l)lood  becomes  so  changed  in  its  long  course  from 
the  stomach  to  the  rectum  that  it  is  difficult  for  the  laity  to  recognize  it 
as  such.  If  the  evacuations  are  not  carefully  and  repeatedly  examined 
many  an  ulcer   will   be  overlooked,   and   the  case  regarded  as  one  of 
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chlorosis,  to  the  great  detriment  of  the  patient.  The  most  careful 
examination  of  the  blood  will  not  save  the  diagnostician  from  this 
error,  since  the  more  important  characteristics  of  chlorotic  blood  and 
of  the  blood  after  hemorrhage  are  identical.  It  may  not  be  amiss  to 
emphasize  the  fact,  that  a  physician  who  overlooks  bloody  stools  in  a 
young  girl  and  treats  the  disease  as  chlorosis,  could  be  accused  of  mal- 
practice. 

Diseases  of  the  Kidneys. — Chronic  nephritis  always  leads  to 
anemia,  particularly  in  youthful  individuals.  In  certain  forms  and 
stages  of  the  disease,  the  patient  acquires  that  puffy  appearance  and 
that  alabaster  transparency  of  the  skin  which  is  also  observed  in  chlo- 
rosis. Chronic  nephritis  may  also  be  accompanied  by  headache,  palpi- 
tation, digestive  disturbances,  and  a  sensation  of  weakness,  so  that 
confusion  frequently  follows  a  superficial  examination  if  the  urine  is 
neglected.  The  omission  of  the  examination  of  the  urine  is  to  be  con- 
sidered as  evidence  of  gross  negligence  on  the  part  of  the  physician. 
There  is  not  only  a  large  percentage  of  albumin  in  the  urine  of  these 
cases  of  nephritis  in  youthful  individuals,  but  the  blood  is  also  char- 
acterized by  certain  peculiarities.  In  nephritis  the  specific  gravity  and 
the  dry  residue  of  the  serum  are  usually  diminished,  while  in  chlorosis 
this  is  not  observed,  or  at  least  only  to  an  insignificant  extent. 

Certain  French  authors,  following  in  the  lead  of  Dieulafoy,^  have 
recently  attempted  to  differentiate  a  special  form  of  chlorosis  which  is 
associated  with  chronic  albuminuria  or  Bright's  disease.  In  the  litera- 
ture this  affection  is  known  as  "  chloro-Brightism  "  and  has  been  made 
the  subject  of  dissertations  by  Chatin,^'*  Labadie-Lagrave,"^^  and  Duco.^^^ 
The  cases  of  sudden  fatal  pulmonary  edema  in  anemic  girls  described 
by  Hanot  ^  and  Vincenti  ^'  also  belong  under  this  heading.  The  sepa- 
ration of  these  cases  has  no  justification  and  can  only  result  in  confu- 
sion. They  are  cases  of  true  nephritis  whicli  produce  marked  anemia 
and  its  consequent  sequelae.  In  such  patients  the  well-known  symptoms 
of  chlorosis  dominate  the  clinical  picture,  as  they  always  do  when 
anemic  conditions  develop  in  voung  girls. 

Beginning:  Cerebral  Diseases. — In  youthful  individuals  these 
affections  rapidly  produce  anemia,  and  many  an  apparent  case  of  chlo- 
rosis with  dizziness,  attacks  of  unconsciousness,  nausea,  exhaustion  and 
pallor  has  subsequently  j)roved  to  be  a  brain  tumor  or  a  basal  men- 
ingitis. 

Beginning  Pregnancy  in  Unmarried  Girls. — Tiie  usual 
molimina  of  a  beginning  ])regnancy  are  associated  with  those  evidences 
of  mental  worry   which   naturally  arise  under  such  conditions.     Tke 
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general  nutrition  suifers  greatly  and  so  does  the  quality  of  the  blood. 
Young  girls  who  were  previously  in  blooming  health  rapidly  lose  weight 
and  exhibit  those  manifold  disturbances  which  are  also  observed  in  true 
chlorosis.  For  a  long  time  such  cases  are  regarded  as  chlorosis  by  the 
family  and  friends  of  the  patient.  It  is  the  duty  of  the  physician  to 
gain  the  confidence  of  his  patient  sufficiently  to  allow  him  to  determine 
the  true  state  of  aifairs. 

Congenital  Hypoplasia  of  the  Vascular  System. — The 
development  by  a  series  of  attacks,  the  rapid  appearance  and  disappear- 
ance of  the  symptoms  and  of  the  anemia,  and  the  possibility  of  cure, 
all  speak  decidedly  against  the  teaching  that  vascular  hypoplasia  is  the 
anatomic  foujadation  of  chlorosis.  We  believe  that  this  statement  ex- 
presses the  position  held  by  the  majority  of  clinicians  at  the  present 
day.  Thanks  to  the  classic  descriptions  of  O.  Friintzel,  pronounced 
cases  of  congenital  hypoplasia  of  the  vascular  system  with  consecutive 
cardiac  hypertrophy  and  subsequent  cardiac  weakness,  with  a  tendency 
to  stasis  and  endocarditis,  and  with  the  frequent  association  of  deficient 
development  of  the  entire  body,  produce  such  a  characteristic  clinical 
picture  that  the  diagnosis  is  scarcely  ever  mistaken  at  the  present  day. 
This  condition  is  also  unlikely  to  give  rise  to  confusion  when  a  marked 
anemia  is  present  as  a  secondary  phenomenon.  The  study  of  Virchow's 
celebrated  dissertation  teaches  that  his  descriptions  were  based  upon 
such  cases — cases  that  no  clinician  of  the  present  day  would  allow  to 
go  to  the  postmortem  table  with  the  diagnosis  of  chlorosis. 

Nevertheless,  the  diagnosis  "  hypoplasia  of  the  vascular  system  "  is 
not  incompatible  with  the  diagnosis  "  chlorosis,"  since  this  anomaly 
may  play  an  important  role  in  the  etiology  of  the  affection  which  we 
designate  as  chlorosis  from  a  ]nirely  clinical  standpoint.  We  recognize, 
with  Virchow,  that  hypoplasia  of  the  vascular  system  favors  a  deficiency 
of  blood-formation.  When  hypoplasia  of  the  vascular  a]iparatus  is 
present  in  an  individual  at  the  age  of  puberty,  and  this  individual 
becomes  sul)iected  to  external  deleterious  influences,  anemia  is  not  slow 
in  making  its  appearance  and  the  well-known  symptoms  of  chlorosis 
and  their  sequelae  become  manifest,  as  is  usually  the  case  when  young 
girls  become  anemic.  According  to  our  conce])tion,  hypoplasia  of  the 
vascular  system  is  a  favorable  basis  for  the  development  of  chlorosis 
and  may  also  delay  convalescence  and  favor  the  subsequent  recurrence 
of  the  disease.  From  a  prognostic  and  therapeutic  standpoint,  it  is 
important  to  recognize  or  exclude,  at  the  earliest  possible  moment,  the 
co()jieration  of  this  factor  in  the  origin  of  every  case  of  chlorosis.  The  art 
of  diagnosis,  however,  is  frequently  unable  to  lead  to  a  decision  upon  this 
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point,  since  the  milder  degrees  of  hypoplasia  of  the  vascular  system  are 
difficult  of  recognition.  The  long  duration  of  the  disease,  the  resistance 
to  reasonable  treatment,  and  the  more  marked  predominance  of  the  car- 
diac symptoms,  frequently  furnish  some  aid  to  the  diagnosis.  These 
features  are  not  characteristic,  however,  since  chlorosis  can  persist  for  a 
long  time  when  the  vessels  are  normal  and,  on  the  other  hand,  cardiac 
and  pulmonary  symptoms  are  also  peculiar  to  some  cases  of  chlorosis 
which  soon  recover,  leaving  the  patient  in  perfect  health  and  with  a 
normal  heart. 


TREATMENT. 


PROPHYLAXIS. 


Is  it  possible  to  prevent  chlorosis  ?  In  a  certain  number  of  cases 
this  question  is  to  be  answered  in  the  affirmative,  while  in  other  instances 
it  must  certainly  be  denied.  Even  in  the  latter  cases,  however,  much 
may  be  done  to  ameliorate  the  course  of  the  disease. 

We  will  start  with  the  well-grounded  supposition  that  the  founda- 
tion of  numerous  cases  of  chlorosis  exists  early  in  life  in  the  form  of 
acquired  or  congenital  weakness  of  the  hematopoietic  organs.  The 
individual  is  consequently  predisposed  to  the  development  of  the  anemias 
in  general,  but  for  the  appearance  of  the  particular  form  of  anemia 
known  as  "  chlorosis,"  an  anomaly  of  the  genital  gland  which  leads  to 
the  abolition  or  impairment  of  a  definite  function  ("  internal  secretion  ") 
must  also  be  present.  This  anomaly  occurring  within  the  sexual 
apparatus  must  also  be  traced  to  a  congenital  predisposition. 

Since  the  functional  weakness  of  both  systems  is  dependent  upon 
congenital  influences  and  represents  a  true  anomaly  of  development 
(anatomic  hypoplasia),  the  treatment  is  rather  hopeless.  Even  the  best 
hygiene  of  body  and  mind  and  the  most  appropriate  diet  are  powerless 
when  confronted  with  anatomic  anomalies  of  development  which  were 
present  in  the  embryo.  There  will,  consequently,  always  be  cases 
which  make  their  appearance  in  spite  of  all  preventive  measures.  In 
other  cases,  however,  in  which  the  congenital  functional  weakness  is  not 
so  well  marked,  or  where  it  develops  later  in  life,  there  is  some  hope 
of  overcoming  this  anomaly  and  preventing  chlorosis  by  a  proper  regu- 
lation of  the  mode  of  life. 

The  propliylactic  treatment  practically  includes  all  those  measures 
which  are  necessary  to  strengthen  the  organism  in  childhood  and  in  the 
early  years  of  maturity.  Particular  attention  must  also  be  given  to 
those  measures  which  have  a  known  or  probable  influence  upon  blood- 
formation.  If  we  succeed  in  strengthening  the  body  in  childhood  and 
in  maintaining  this  condition,  the  danger  of  the  appearance  of  chlorosis 
at  a  critical  period  is  greatly  diminished.  Even  should  the  individual 
be  attacked,  the  disease  will  probably  pursue  a  milder  course,  since, 
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with  certain  exceptions,  experience  teaches  that  strong  persons  recover 
from  chlorosis  much  more  quickly  than  weakly  individuals. 

This  is  not  the  place  to  enter  into  a  general  discussion  as  to  the 
proper  care  and  nourishment  of  children  which  are  necessary  to  produce 
an  organism  capable  of  resistance.  We  will  consider  only  as  much  of 
this  subject  as  has  a  bearing  upon  chlorosis. 

NUTRITION. 

The  diet  should  be  sufficient  to  produce  and  maintain  "  good  general 
nutrition."  Everyone  knows  what  is  to  be  understood  by  this  term. 
In  growing  girls  it  signifies  a  strong  musculature  and  a  well-developed 
panniculus  adiposus.  In  young  girls  beyond  the  tenth  year  the  layer 
of  subcutaneous  fat  should  be  considerably  better  developed  than  in 
boys  of  the  same  age.  An  amount  of  fat  that  is  sufficient  for  a  boy 
might  be  frequently  designated  as  scanty  for  a  girl  of  the  same  age. 
On  the  other  hand,  we  are  not  supposed  to  produce  a  condition  of 
obesity. 

The  diet  has  relatively  little  influence  upon  musculature.  If  the 
diet  is  not  absolutely  niggardly,  the  muscles  will  develop  according  to 
the  demands  made  upon  them  and  according  to  their  hereditary  dispo- 
sition. The  richest  diet  remains  permanently  ineffective  if  the  other 
factors  favoring  muscle-growth  are  absent.  On  the  contrary,  the  diet 
is  of  decided  importance  for  the  deposition  of  the  subcutaneous  fat.  It 
is  a  great  error  to  lay  little  weight  upon  the  regular  cultivation  of  this 
fat,  for,  although  this  tissue  has  no  independent  life  and  represents  only 
reserve  material,  it  is  constantly  observed  that  individuals  with  nor- 
mally developed  fatty  tissue  are  more  capable  of  resistance  than  lean 
individuals.  The  latter  statement  is  particularly  true  of  children,  and 
experience  shows  that  in  these  individuals  a  normal  amount  of  fat 
practically  means  a  strong  constitution  in  general.  I  do  not  refer  to 
instances  of  pathologic  obesity  or  to  those  increased  amounts  of  adi- 
pose tissue  which  are  obtained  by  temporary  overfeeding.  In  child- 
hood, however,  these  conditions  tend  to  be  of  short  duration.  The 
temporary  results  of  overfeeding  are  not  to  be  considered ;  they  fre- 
quently do  more  harm  than  good.  It  is  much  more  prudent  to  favor 
the  gradual  deposition  of  fat  and  then  to  maintain  what  has  been 
gained. 

The  Supply  of  Fats. — If  the  ordinary  diet  is  not  capable  of 
producing  a  sufficient  amount  of  subcutaneous  adijiose  tissue  in  children 
and  in  young  girls,  we  should  advise  the  employment  of  the  fats  them- 
selves for  this  purpose.     The  desired  result  can  not  be  obtained  with 
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carbohydrates,  since  these  individuals  usually  have  small  appetites. 
The  diet  usually  consists  of  a  relatively  large  amount  of  these  substances, 
and  they  would  have  to  be  increased  to  such  an  extent  that  there  would 
be  a  constant  struggle  between  physician  and  patient,  which  would  usually 
terminate  in  the  defeat  of  the  physician.  On  the  contrary,  the  amount 
of  fat  in  the  diet  of  children  is  usually  less  than  it  should  be,  and  can 
easily  be  augmented  without  causing  much  of  an  increase  in  the  total 
amount  of  food.  Much  depends  upon  the  nature  of  this  fat.  In 
youthful  individuals,  fat  meat  and  bacon  are  not  to  be  recommended, 
since  they  soon  excite  the  disgust  of  the  patient.  The  fat,  particularly 
in  the  form  of  butter,  should  be  generously  mixed  with  the  vegetables 
and  farinaceous  foods,  and  the  individual  should  also  be  encouraged 
to  consume  considerable  quantities  of  butter  with  bread  and  potatoes. 
It  is  highly  advantageous  to  add  cream  to  the  milk,  and  to  administer 
some  of  the  so-called  medicinal  fats.  We  have  entirely  abandoned  the 
use  of  cod-liver  oil  and  now  employ  oleum  sesami  '^^  exclusively.  Other 
methods  of  forming  fat,  such  as  the  administration  of  alcohol  and 
physical  rest,  are  not  to  be  considered  in  reference  to  children. 

The  Supply  of  Albumins. — In  addition  to  the  special  purpose 
of  forming  fat,  the  diet  of  children  and  of  youthful  individuals  must 
contain  a  generous  quantity  of  albumin,  if  they  are  to  be  made  strong 
and  capable  of  resistance.  Children  should  receive  more  albumin  in 
proportion  to  their  body-weight  than  is  required  by  adults.  This  re- 
quirement is  nearly  always  complied  with,  unless  the  parents  are  very 
poor,  and  it  is  only  in  rare  instances  that  the  physician  finds  it  necessary 
to  increase  this  article  of  diet. 

Vegetables  and  Fruits. — The  necessity  of  a  generous  supply 
of  vegetables  and  fruits  must  be  particularly  emphasized.  In  Germany, 
at  least,  and  particularly  during  the  winter,  these  articles  are  not  suffi- 
ciently represented  in  the  diet  of  children.  They  are  of  the  greatest 
importance  for  the  normal  development  of  the  body  and  of  all  of  its 
functions.  As  far  as  children  are  concerned,  we  believe  we  could  do 
better  by  following  the  dictates  of  the  most  rigid  vegetarianism  than  by 
feeding  the  children  as  though  they  were  carnivora,  according  to  the 
bad  custom  which  is  still  quite  prevalent.  At  this  i)lace,  it  is  particu- 
larly appropriate  to  emj>hasize  sharply  the  importance  of  green  vege- 
tables, since  we  are  practically  dependent  upon  the  vegetable  kingdom 
for  the  greater  portion  of  the  iron  which  is  necessary  for  blood- 
formation  (see  p.  451).  The  iron  occurs  in  vegetables  in  the  form  of 
highly  constituted  ferruginous  nucleo-albumins  (Bunge^).  Although 
other  combinations  of  iron  (iron  salts,  organic  preparations  of  iron  of 
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simple  molecular  construction)  may  likewise  be  employed  in  blood- 
formation,  they  are  never  utilized  by  healthy  individuals,  who  procure 
their  entire  supply  from  the  nucleo-albumins.  If  we  limit  the  most 
important  sources  of  iron — the  vegetables  and  the  fruits — we  cause  a 
certain  sluggishness  of  blood-formation  and  an  entire  lack  of  reserve 
iron,  such  as  is  normally  found  in  the  liver,  spleen,  and  bone-marrow 
of  healthy,  well-nourished  individuals.  From  the  inappropriate  selec- 
tion of  foods  such  persons  acquire  a  predisposition  to  chlorosis. 

EXERCISE.  FRESH  AIR.  BATHS. 
In  young  girls  with  a  delicate  constitution  or  a  family  history  that 
makes  us  fear  the  development  of  chlorosis,  we  should  pay  special 
attention  to  those  accessory  measures  which  bring  the  patient  in  the 
fresh  air,  favoring  the  development  of  the  muscles  and  the  strengthening 
of  the  body.  Experience  shows  that  these  factors  are  powerful  stimuli 
to  blood-formation.  They  are  to  be  employed  before  the  outbreak  of 
the  chlorosis,  and  also  in  girls  who  have  been  chlorotic,  to  avoid  a 
recurrence  of  the  disease.  These  measures  are  intended  to  spur  the 
patient  on  to  increased  exertion  by  stimulating  the  physiologic  process 
of  blood-formation  and,  in  this  manner,  to  overcome  the  congenital  or 
acquired  weakness  of  the  hematopoietic  apparatus.  The  nature  and 
the  extent  of  the  physical  exercise  which  is  to  be  prescribed  for  growing 
girls  is  so  dependent  upon  the  individual  environment  that  we  can  not 
discuss  it  in  detail.  Children  who  grow  up  in  large  cities  should  spend 
their  vacations  in  the  country.  The  selection  of  the  particular  locality 
will  depend  upon  circumstances  ;  it  is  by  no  means  necessary  that  the 
individual  should  be  sent  to  a  celebrated  bathing  or  mountain  resort. 
If  the  living  apartments  are  suitable,  any  country  place  with  wooded 
surroundings  will  usually  be  all  that  is  required.  Those  places  are  to 
be  preferred  which  are  in  the  vicinity  of  lakes  affording  bathing  facili- 
ties, and  also  those  which  are  situated  in  mountainous  districts.  There 
is  likewise  no  objection  to  high  mountainous  resorts.  The  old  preju- 
dioed  view  that  children  bear  considerable  elevations  badly  (such  as  the 
Engadine,  for  example)  has  been  practically  disproved.  A  high  alti- 
tude is,  if  anything,  a  powerful  stimulus  to  blood-formation  and  aids  in 
the  exercise  and  strengthening  of  the  hematopoietic  organs.  Experience 
shows  that  the  same  may  be  said  of  a  sojourn  at  the  seacoast  and  of  the 
use  of  brine  baths.  We  must  not  consider  these  things  from  the  stand- 
point of  the  laboratory  and  say,  "Experiment  has  not  proved  the  in- 
fluence of  these  factors  upon  blood-formation,  and  consequently  it  does 
not  exist."     Practical  experience  is  the  only  safe  guide,  and  it  presents 
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evidence  of  an  unmistakable  character.  We  would  also  mention  that 
in  1888  we  estimated  the  hemoglobin  in  a  large  number  of  children, 
before  and  after  their  summer  vacation,  at  Nauheim  ;  the  hemoglobin 
was  increased  in  every  case,  sometimes  to  quite  a  marked  extent.  Un- 
fortunately, we  are  unable  to  find  the  records  of  these  percentages.  In 
practice,  those  children  who  seem  particularly  to  need  strengthening 
and  stimulation  of  hematopoiesis  should  be  annually  sent  to  a  high  alti- 
tude, to  the  sea,  or  to  a  locality  where  brine  baths  may  be  obtained. 
Those  high  altitudes  which  also  have  bathing  facilities  are  to  be  j)artic- 
ularly  recommended.  To  attain  the  desired  result,  as  much  stress  is  to 
be  placed  upon  bathing  as  upon  muscular  exercise.  These  baths  should 
be  employed  not  only  during  the  brief  summer  outing,  but  also  in 
everyday  life.  Ordinary  baths,  their  temperature  not  exceeding  90.5° 
F.,  with  a  subsequent  cool  douche  or  shower,  may  be  employed ;  river 
baths,  swimming  baths,  and  sponge  baths  are  also  to  be  recommended. 
The  physician  should  be  warned  against  condemning  weakly  individuals 
to  heroic  cold-water  cures.  The  result  obtained  will  be  in  direct  op- 
position to  the  effect  desired. 

MENTAL  WORK  AND  THE  INFLUENCE  OF  THE  MIND. 
It  is  one  of  the  features  of  the  present  day  to  impose  a  large  amount 
of  study  and  the  acquirement  of  a  broader  education  upon  young  girls, 
that  they  may  be  better  fitted  to  acquire  independent  positions  for  them- 
selves in  the  battle  for  existence.  As  men  we  can  think  what  we  will 
of  the  "  new  woman  "  ;  but  as  physicians  it  is  our  duty  to  oppose  their 
advanced  theories.  No  one  will  deny  that  the  physical  and  mental 
growth  of  many  girls  is  quite  sufficient  to  stand  the  fatigue  and  exer- 
tion which  the  higher  education  and  the  learned  professions  have  always 
been  accustomed  to  place  upon  the  growing  youths  of  the  male  sex.  In 
the  enormous  majority  of  young  girls  this  is  not  so.  We  should 
remember  that  the  greatest  demands  upon  girls  in  college  are  made  in 
those  years  which  are  of  far  greater  importance  for  the  maturing  of  the 
female  body  than  are  any  years  for  the  growth  of  the  male  individual. 
In  view  of  the  frequency  of  chlorosis  in  girls  who  are  subjected  to 
physical  or  mental  overexertion,  and  in  view  of  the  significance  which 
the  normal  maturing  of  the  female  organism  has  for  the  coming  genera- 
tions, the  physician  must  at  least  require  the  great  majority  of  girls  to 
postpone  that  rigid  training  of  the  mind,  which  usually  reaches  its  acme 
in  })oys  at  about  the  fifteenth  year,  until  a  considerably  later  period. 
If  many  young  women  suffer  shipwreck  in  their  education  and  in  their 
mental  exertions,  the  blame  is  not  always  to  be  placed  upon  "  over- 
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crowding,"  "  competition,"  and  "  the  opposition  of  obsolete  ideas  ";  in 
innumerable  cases  it  is  due  rather  to  the  limits  which  the  female  body 
imposes  upon  the  progressive  individual.  If  the  physician  recognizes 
the  danger  in  the  individual  case,  and  if  his  advice  is  of  influence,  he 
should  suggest  the  course  just  indicated ;  he  wmU  then  frequently 
succeed  in  preventing  an  attack  of  chlorosis. 

Growing  girls  should  also  be  protected  from  the  early  development 
of  a  sentimental  imagination.  If  this  is  neglected,  much  harm  is 
accomplished.  As  physicians  it  is  our  duty  to  insist,  in  opposition  to 
the  wishes  of  youth  and  of  many  an  injudicious  mother,  that  the  girls 
should  be  treated  as  children  as  long  as  possible,  and  not  as  "  young 
ladies."  In  Germany  we  could  w^ell  follow  the  good  old  English  cus- 
tom, which  is  not  so  rigidly  adhered  to  at  the  present  time,  of  not  only 
excluding  growing  girls  under  eighteen  from  fashionable  society,  excit- 
ing pleasures,  dances,  and  the  theater,  but  to  keep  them  in  the  school 
room  until  this  time.  Why  premature  excitement  of  the  imagination, 
the  unnatural  development  of  the  sentimental  characteristics,  and  early 
love  affairs  are  injurious  to  the  healthy  development  of  the  body  is  by 
no  means  clear.  The  facts  exist,  however,  and  we  can  not  afford  to 
overlook  them. 

THE  CORSET.     CONSTIPATION. 

Although  we  do  not  agree  with  those  who  trace  chlorosis  to  the 
wearing  of  corsets,  nor  with  those  who  believe  that  the  disease  results 
from  constipation,  we  believe  that  both  these  factors  are  deserving  of 
earnest  consideration,  since  they  directly  and  indirectly  prejudice  gen- 
eral nutrition  and  favor  the  development  of  chlorosis. 

It  would  be  useless  to  demand  the  abolishment  of  the  corset  on 
account  of  its  possible  injurious  effects,  since  it  is  foolish  to  require  the 
execution  of  something  which  we  know  will  not  be  carried  out.  Our 
efforts  should  be  directed  toward  that  which  may  be  attained.  Our 
suggestions  should  be  of  a  two-fold  character. 

1.  Young  girls  should  postpone  the  use  of  corsets  as  long  as  ])()s- 
sible,  not  employing  them  until  the  osseous  skeleton  is  completely 
developed.  This  will  prevent  the  great  majority  of  the  bad  effects  pro- 
duced by  this  article  of  apparel,  and  particularly  the  malformation  of 
the  lower  aperture  of  the  thorax  (see  p.  410). 

2.  The  corset  should  be  sensibly  constructed,  so  that  it  shall  accom- 
modate the  natural  circumference  of  the  waist,  the  front  and  back  of 
the  corset  being  connected  by  elastic  side-pieces. 

The  tendency  to  constipation,  observed  in  older  children  and  voiiiig 
girls  even  when  chlorosis  is  not  present,  would  be  greatly  diminished 
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if  inappropriate  corsets  were  forbiddeu.  It  would  also  be  lessened  if 
the  ingested  food  contained  a  sufficient  quantity  of  vegetables  during 
childhood  and  the  entire  adolescent  period.  We  have  already  pointed 
out  other  grounds  for  the  necessity  of  such  a  diet.  Constipation  is  fre- 
quently un  inherital  aifection,  and,  should  it  make  its  appearance  in 
spite  of  the  measures  indicated,  it  should  receive  careful  systematic  die- 
tetic treatment.  The  cautious  use  of  purgatives  can  not  be  avoided  in 
some  cases.  We  will  return  to  this  point  when  we  discuss  the  treatment 
of  fully  developed  chlorosis. 

THE  PROPHYLACTIC  ADMINISTRATION  OF  IRON. 
There  seems  to  be  a  growing  practice  of  giving  preparations  of  iron 
to  girls  at  the  age  of  puberty,  even  though  tiiey  may  be  in  perfect 
health.  This  is  true  particularly  in  those  families  the  older  daughters 
of  which  have  been  chlorotic.  Newspaper  advertisements  which  herald 
this  or  that  preparation  expressly  advocate  such  a  procedure.  Many 
individuals  are  misled  hx  such  advice.  The  j>rophylactic  adminis- 
tration of  iron  is  absolutely  useless  ;  it  accompliiihes  more  harm  than 
good.  It  does  not  prevent  the  development  of  chlorosis,  as  we  can 
testify  from  recent  experience  in  such  cases.  The  great  objection 
to  the  procedure  is  that  the  individuals  soon  become  accustomed  to  the 
administration  of  iron.  When  the  chlorosis  does  make  its  appearance, 
these  patients  have  consequently  been  robbed  of  the  best  remedy.  The 
iron  fails  to  help  them,  just  as  is  the  case  in  patients  with  heart  disease 
who  have  become  accustomed  to  digitalis  and  who  can  expect  no  further 
benefit  from  the  use  of  this  drug. 

THE  TREATMENT  OF  THE  DISEASE. 

The  treatment  of  chlorosis  will  be  discussed  under  tiic  following 
headings  : 

1.  The  methods  which  stimulate  hematopoiesis.  Those  measures 
will  be  considered  which  exclusively  or  largely  meet  this  indication. 

2.  Hygienic  and  dietetic  accessory  measures  which  improve  the 
general  condition  of  nutrition  and  strength.  They  are  adjuvants  to  the 
previously  mentioned  methods. 

3.  Special  methods  which  arc  indicated  by  the  presence  of  complica- 
tions (symj)tomatic  treatment). 

THE  METHODS  WHICH  STIMULATE  HEMATOPOIESIS. 
The  Administration  of  Iron. — Not  long  since  Bunge  claimed 
that  the  entire  teaching  of  the  curative  effect  of  iron  in  chlorosis  rested 
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upon  a  very  weak  foundation,  that  such  a  curative  effect  probably  does 
not  exist  at  all,  and  that  all  the  results  of  the  administration  of  iron 
were  due  to  the  influence  of  "  suggestion."  According  to  Bunge,  the 
physicians  themselves  have  mistaken  the  curative  action  of  suggestion 
for  the  curative  action  of  iron.  These  statements  were  stoutly  contra- 
dicted at  the  Congress  of  Internal  Medicine  at  which  Bunge  read  his 
paper.  In  the  name  of  generations  of  physicians  we  also  must  protest 
against  this  dogmatic  criticism.  The  main  evidence  upon  which  our 
decision  is  based  is  not  the  physiologic  investigations  and  the  relatively 
scanty  records  of  the  increase  of  hemoglobin  and  corpuscles  upon  the 
administration  of  iron^  (Gniber,  Hayem,  Jaquet,  Laache,  v.  Lim- 
beck, Oppenheimer,  Reinert,  Scherpf,  R.  Stockman).  We  need  no 
quantitative  examination  of  the  blood  to  prove  the  results  obtained  j 
every  physician  and  every  layman  who  has  eyes  to  see  and  who  does 
not  voluntarily  look  in  other  directions  knows  from  personal  and  con- 
stantly repeated  experience  the  curative  action  of  iron  and  considers  it 
as  an  assured  acquisition  to  medical  art.  The  physician,  it  is  true, 
knows  that  iron  is  not  a  universal  remedy  for  chlorosis  ;  he  knows  that 
it  sometimes  fails  completely,  and  that  in  other  cases  the  desired  effect 
is  obtained  only  when  the  administration  of  iron  is  accompanied  by 
other  measures  which  remove  the  obstacles  in  the  path  of  recovery. 
We  are  indebted  to  the  weighty  recommendations  of  F.  v.  Niemeyer 
for  the  general  introduction  of  iron  therapy  into  Germany,  since  he 
repeatedly  pointed  out  that  the  majority  of  the  cases  of  chlorosis  could 
be  cured  by  the  administration  of  iron  without  the  additional  aid  of 
dietetic  and  hygienic  measures.  With  the  exception  of  certain  indi- 
viduals, every  clinician  and  practical  physician  of  the  present  day 
recognizes  the  importance  of  iron  in  the  treatment  of  chlorosis.  Differ- 
ences of  opinion  exist  only  as  to  whether  iron  possesses  a  specific 
curative  influence — i.  e.,  whether  it  can  be  replaced  by  other  drugs  or 
therapeutic  measures,  and  as  to  whether  we  should  confine  ourselves  to 
the  iron  treatment,  as  recommended  by  v.  Niemeyer,  or  combine  it 
with  other  methods. 

Recognizing  the  curative  influence  of  iron,  but  not  regarding  the 
iron  therapy  as  an  infallible  and  indispensable  specific  at  all  times,  we 
will  now  devote  our  attention  more  closely  to  the  manner  of  its  influ- 
ence, to  the  indications  for  the  remedy,  and  to  the  methods  of  its  admin- 
istration. 

How  Does  Iron  Act  in  Chlorosis? — The  original  answer  to  this 
question,  made  upon  the  discovery  of  the  atom  of  iron  in  the  hemo- 
globin molecule,  was  as  follows  :  There  is  a  lack  of  iron  in  the  bodies 


486  CHLOROSIS. 

of  chlorotics,  and  they  are  consequently  unable  to  produce  hemoglobin  ; 
if  the  iron  is  supplied  by  medicinal  administration,  the  body  ravenously 
seizes  upon  the  metal  and  employs  it  in  the  formation  of  hemoglobin. 
In  apparently  unanswerable  contradiction  to  this  view  is  the  fact  that 
most  girls  become  chlorotic  although  they  eat  well  and  ingest  large 
<piantities  of  iron  (the  co-called  ferruginous  nucleo-albumins)  with  their 
ibod.  In  a  small  number  of  instances  this  may  not  be  the  case,  as  we 
have  already  pointed  out  (see  p.  480),  but  these  are  the  exceptions. 
Even  during  chlorosis  the  quantity  of  food  ingested  is  usually  sufficient 
to  maintain  or  increase  the  body-weight  ;  under  such  conditions  there 
can  be  no  lack  of  iron.  These  patients,  nevertheless,  become  chlorotic 
and  remain  chlorotic.  These  facts  have  long  been  recognized,  and  it  is 
no  longer  doubted  that  girls  developing  chlorosis,  and  chlorotics  them- 
selves, usually  receive  just  as  much  iron  in  their  food  as  a  healthy 
individual  requires  to  maintain  an  equilibrium  of  iron.  Accessory 
hypotheses  have  consequently  been  offered  in  support  of  the  old  theory. 
One  of  these  (Kletzinsky  ^)  supposes  that  medicinal  iron  has  a  stimu- 
lating effect  upon  the  gastro-intestinal  wall,  which  increases  its  digestive 
and  absorptive  power ;  the  hypothesis  is  untenable,  since  chlorotics 
absorb  their  food  in  a  normal  manner  without  this  "  stimulant "  (see  p. 
422).  Another  accessory  hypothesis  (Bunge  ^^')  is  based  upon  the  sup- 
position of  an  increased  putrefaction  of  the  albumins,  and  has  since 
been  given  up  as  fallacious,  even  by  its  author  (see  p.  419).  To-day 
the  theory  of  the  diminished  ingestion  and  absorption  of  iron,  and  also 
the  theory  of  the  reparation  of  the  deficit  by  medicinal  iron,  have  been 
completely  abandoned.  The  important  and  interesting  discovery  by 
Kunkel""^  that,  under  certain  circumstances,  metallic  iron  may  aid  in 
the  regeneration  of  tlie  blood,  only  apparently  favors  these  theories ; 
Kunkel's  ex})criments  simply  show  that,  where  there  is  an  actual  de- 
ficiency and  a  demand  for  iron  as  a  result  of  a  diet  containing  too  little 
of  this  metal  and  of  a  marked  withdrawal  of  blood,  metallic  iron  is  a 
valuable  accessory.  These  experiments,  however,  have  not  the  slighest 
relation  to  chlorosis,  since  in  this  disease  a  lack  of  iron  in  the  diet  is 
not  even  to  be  considered.  The  many  secondary  anemias,  and  even 
])ernicious  anemia,  could  be  as  correctly  traced  to  a  deficient  amount  of 
iron.  To  prove  how  little  a  deficiency  of  iron  has  to  do  with  chlorosis, 
we  could  also  recall  the  fact  that  may  chlorotics  make  uninterrupted 
recoveries  without  increasing  the  amount  of  ingested  iron  by  the  medici- 
nal administration  of  the  metal,  and  that  the  recovery  may  be  materi- 
allv  accelerated  Iw  other  methods  than  the  iron  thera})v. 

We  consequently  arrive   at  the   conclusion   that  chlorotics   receive 
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enough  ferruginous  nucleo-albumius  in  their  diet,  and  also  absorb  them, 
but  that  they  are  not  utilized  for  the  replacement  of  the  hemoglobin 
consumed.  Why  are  they  not  employed?  We  must  remember  that 
blood-formation  is  diminished  in  chlorotics,  and  must,  moreover,  recog- 
nize that  only  a  deficient  function,  a  diminution  of  the  energy  of 
growth  of  the  hematopoietic  organs,  is  responsible  for  allowing  the 
blood,  with  liberal  amounts  of  the  ferruginous  nucleo-albumins,  to  pass 
through  the  system  unutilized.  W^e  see  the  same  thing  in  rachitis, 
where  the  cartilages  and  the  atrophic  muscles  are  not  able  to  assimilate 
the  calcium  salts  and  the  albuminous  substances  which  are  always  pres- 
ent. As  soon  as  we  trace  chlorosis  to  a  functional  weakness  of  the 
hematopoietic  organs,  we  exclude  the  theory  that  a  lack  of  iron  causes 
the  hemoglobin  impoverishment  of  chlorotic  blood,  and  that  the  admin- 
istration of  iron  alone  is  necessary  for  the  replacement  of  the  hemoglo- 
bin. Strangely  enough  the  contradiction  of  the  two  theories  has 
remained  unrecognized  by  many  authors  and  others,  who  clearly  appre- 
ciated the  contradiction  (Immerman,  for  example),  but  who  have  never- 
theless failed  to  discover  any  sufficient  explanation  for  the  efficiency  of 
the  iron. 

We  believe  that  we  were  justified  by  the  facts  and  by  the  theoretic 
requirements  when  we  formulated  the  following  hypotheses  :  ^" 

1.  In  chlorosis  the  pathologic  diminution  of  the  reproductive  ability 
of  the  hematopoietic  organs  must  be  overcome  by  a  certain  stimulation. 
There  are  many  stimuli  which  are  capable  of  producing  the  desired 
result.     In  the  first  place  we  will  confine  our  attention  to  iron. 

2.  The  salts  of  iron  circulating  in  the  blood  (medicinal  iron)  exert 
a  powerful  stimulus  upon  the  hematopoietic  cells  of  the  bone-marrow, 
and  the  result  of  this  stimulation  is  an  improvement  of  the  quality  of 
the  blood. 

3.  On  the  contrary,  the  ferruginous  nucleo-albumins  and  the  ])ro- 
teids,  which  gain  access  to  the  blood,  exert  a  much  weaker  stimulus ; 
this  stimulus  is  so  slight  that  the  ferruginous  nucleo-albumins,  whicii 
are  present  in  the  diet  in  relatively  small  quantities,  are  not  sufficient 
to  overcome  the  sluggishness  of  the  hematopoietic  organs. 

4.  In  addition  to  the  administration  of  iron,  there  are  numerous 
other  procedures  which  also  have  a  stimulating  effect  upon  the  hemato- 
poietic organs,  and  which  consequently  prove  themselves  curative  in 
chlorosis. 

As  a  supplement  to  these  statements,  it  should  be  mentioned  that 
tlio  ferruginous  nucleo-albumins  evidently  exert  some  stimulating  effect 
upon  the  hematopoietic  organs,  since  their  administration  in  large  quan- 
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tities  has  even  been  followed  by  recovery.  We  occasionally  hear  of 
good  results  from  the  drinking  of  blood,  which  at  one  time  was  quite 
fashionable  among  the  young  Parisian  women.  Hemoglobin,  hemo- 
gallul,  hemol,  and  hematogeu  have  also  been  recommended.  In  all  these 
substances  the  iron  is  combined  in  the  same  manner  as  it  is  in  the  fer- 
ruginous proteids  ;  carniferrin  assumes  more  of  an  intermediate  position  ; 
while  ferratin,  which  has  recently  received  much  attention,  closely 
approaches  to  the  salts  of  iron,  since  the  gastric  hydrochloric  acid  com- 
bines with  it  to  form  an  iron  salt  as  soon  as  it  enters  the  stomach.  The 
majority  of  these  remedies  require  an  ingenious  advertisement  before 
they  are  very  generally  employed.  If  we  were  to  believe  these  enco- 
miums, it  would  seem  as  though  we  had  actually  been  unable  to  cure  any 
cases  of  chlorosis  before  the  discovery  of  these  substances.  In  the  face 
of  the  enthusiastic  recommendation  of  the  ferruginous  proteids  and  of 
the  adverse  criticism  of  the  salts  of  iron,  v.  Niemeyer's  eulogium 
of  Bland's  pills  seems  like  an  ancient  chimera. 

If  we  explain  the  curative  action  of  iron  only  by  its  stimulating 
effect  upon  the  hematopoietic  organs,  we  have  no  difficulty  in  under- 
standing why  some  cases  can  be  cured  in  practice  without  the  adminis- 
tration of  iron.  In  all  other  curative  methods  which  may  be  considered 
in  chlorosis,  the  stimulating  effect  upon  hematopoiesis  must  always  be 
accepted  as  the  supposed  cause  of  recovery,  since  these  methods  have 
nothing  to  do  with  the  chemic  construction  of  the  molecule  of  hemo- 
globin. A  similar  explanation  will  not  be  accepted  for  iron,  because 
the  chemic  relations  of  iron  to  the  hemoglobin  always  stare  us  in  the 
face  and,  according  to  our  opinion,  obscure  the  true  condition  of  affairs. 
According  to  our  views,  iron  is  but  one  of  many  medicinal  and  hygienic 
remedies  Avhich  are  capable  of  stimulating  the  hematopoietic  organs, 
and  not  the  slightest  weight  is  to  be  placed  upon  its  cliemic  relations 
to  the  hemoglobin  molecule.  In  addition  to  iron,  we  will  consequently 
consider  the  employment  of  certain  other  procedures  which  are  closely 
related  to  tliis  metal  in  their  influence  upon  the  hematopoietic  organs. 

The  Preparations  of  Iron. — Metallic  iron  and  the  ferrous  and  ferric 
salts  were  the  only  forms  in  which  iron  was  formerly  employed.  The 
ferrous  salts  were  preferred,  since  they  seemed  to  be  less  irritating  to 
tlie  gastric  mucous  membrane.  Upon  tlicir  entrance  into  the  stomach, 
all  of  these  preparations  of  iron  are  converted  into  ferric  salts  by  the 
action  of  the  acids  ;  it  is  likely  that  a  certain  portion  is  immediately 
utilized  in  the  formation  of  albuminates  of  iron.  The  combinations  of 
the  albuminates  and  peptonates  of  iron  beliave  in  almost  the  same  man- 
ner.    They  are  either  immediately  or  gradually  attacked  by  the  hydro- 
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chloric  acid  ;  ferric  chlorid  arises,  as  do  also  new  albuminates  ;  a  portion 
of  the  original  combination  may  also  remain  unchanged.  Ferratin 
behaves  in  a  similar  manner  to  the  many  inorganic  and  organic  salts 
of  iron,  since  it  is  finally  acted  upon  by  the  hydrochloric  acid,  although 
it  resists  this  action  for  a  longer  period  of  time. 

Nothing  definite  is  known  as  to  the  form  in  which  the  iron  passes 
through  the  intestinal  wall.  We  know  only  that  the  iron  is  present  in 
the  mucous  membrane,  in  a  combination  which  is  immediately  decom- 
posed by  ammonium  sulphid  (see  p.  453) ;  whether  the  iron  is  com- 
bined with  acids,  with  carbohydrates,  or,  as  Cloetta  ~^  supposes,  with  an 
albuminous  body,  is  a  question  which  must  be  still  further  investigated. 
After  the  iron  is  absorbed  and  deposited  in  the  tissues,  ferratin  is 
formed — at  least  to  a  certain  extent  (Cloetta  ^). 

The  following  groups  of  preparations  are  employed  in  the  admin- 
istration of  iron  :  1.  ^letallic  iron,  or  iron  by  hydrogen.  2.  Inorganic 
and  organic  ferrous  salts,  or  their  solutions  and  tinctures.  3.  Inorganic 
and  organic  ferric  salts,  or  their  solutions  and  tinctures.  4.  Simple 
combinations  of  the  albuminates  and  peptonates  of  iron.  While  they 
are  still  in  the  stomach  the  acid  readily  combines  with  the  majority  of 
these  preparations  and  true  salts  of  iron  are  formed.  5.  Organic  com- 
pounds of  iron,  in  which  the  hydrochloric  acid  of  the  stomach  is  either 
totally  unable  to  seize  upon  the  atom  of  iron  or  can  do  so  only  after  pro- 
longed action.  This  class  includes  the  ordinary  ferruginous  nucleo- 
albumins.  The  preparations  deserving  particular  mention  are  carni- 
ferrin,  with  30  per  cent.,  and  ferratin,  with  6  to  7  per  cent.,  each,  of 
metallic  iron.  The  remaining  substances  contain  a  much  less  quantity 
of  the  metal ;  we  will  give  the  quantities  which  represent  0.1  gm.  (gr. 
iss)  of  metallic  iron  (partly  quoted  from  Quincke  ^^)  : 

Carnifenin 0.33  gra. 

Ferratin  (average) 1.54  " 

Spinoferrin  solution  (Strohschein) 15.40  " 

Spinoferrin  sjiccharat 20.00  " 

Heniofenum  (Steams) 20.00  " 

Hemoglobin 23.30  " 

Iron  vitellinate  (Groppler) 25.00  " 

Hemogallol  (Kobert)      35.90  " 

Hemol  (Robert) 38.00  " 

Heinotrlobin  extract  (Pfeufl'er) 71.00  " 

Hematogen  (Honimel) 14200  " 

Blood 166.00  " 

Sanguinal  (Krewel) 250.00  " 

Heraalbnniin  (Dahmen) 277.00  " 

Chlorophyll  (H.  Wei.^) 

It  is  claimed  that  particularly  the  highly  constituted  combinations 
of  iron  are  readily  absorbed ;  this  seems  to  be  actually  true  of  ferratin, 
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carniferrin,  and  hemogallol.  Proof  of  the  ready  absorption  of  the 
remainder  lias  not  as  yet  been  furnished. 

It  is  specially  pointed  out  that  the  iron  contained  in  these  substances 
is  not  only  in  a  readily  absorbable  form,  but  tiiat  it  is  particularly 
atlapted  to  assimilation.  We  can  not  see  any  advantage  in  these  char- 
acteristics, since  we  have  previously  emphasized  the  fact  that  the  diet 
of  chlorotics  is  not  wanting  in  assimilable  iron.  We  must  even  raise 
the  (|uestion  as  to  whether  those  preparations  which  do  not  give  up 
their  iron,  either  in  the  intestinal  canal  or  in  the  circulation,  are  not 
lacking  in  their  stimulating  effects  upon  tiie  hematopoietic  organs,  and 
consequently  in  their  curative  effects.  Four  years  ago  we  ^^^  expressed 
such  an  opinion,  and  Quincke  ^^^  recently  seems  inclined  to  view  the 
subject  from  the  same  standpoint.  Our  decision  must  naturally  be 
based  upon  practical  results.  Since  only  large  doses  of  the  other  prepa- 
mtions  of  iron  have  beneficial  and  certain  effects,  we  should  be  inclined 
to  prefer  those  substances  in  the  preceding  table  which  contain  the 
largest  quantity  of  iron  in  the  smallest  volume.  We  may  consider  0.1 
gm.  (gr.  iss)  of  metallic  iron  as  the  minimum  dose  per  day;  the  calcu- 
lations of  the  preceding  table  are  based  upon  this  amount. 

6.  Natural  chalybeate  springs. 

(«)  Chalybeate  springs  which  contain  bicarbonate  of  iron  together 
with  an  excess  of  carbonic  acid.  In  the  following  table  are  recorded 
the  amounts  of  iron  found  in  the  most  important  chalybeate  springs 
("  Stahlquellen ")  of  Europe.  The  quantities  designated  are  those 
found  in  one  liter ;  the  table  is  taken  from  Kisch's  collection  in  the 
"  Realencyklopadie  "  (III.  Aufl.,  Bd.  6,  S.  339,  1895): 

Autogast  (Trinkquelle) 0.039  gm. 

Bartfeld  (Hauptquelle) 0.087  " 

Booklet 0.087  " 

Briickenau 0.012  " 

Cudowa  (  Eiigenquelle) ('.065  " 

Dri))iirg  (Hauptquelle) 0.074  " 

Elster  (Moriz(]uclle) <i.086  " 

Franzensbad  (Stalilquelle)      0.078  " 

Griesbach  ( Antoniusquelle) 0.078  " 

Homburg  (Stahlciuelle) 0.098  " 

Imnau  (Ca.sparquelle)      0.052  " 

Liebenstein  ( Neue  Quelle)      0.081  " 

Marienbad  (Anibrosiusquelle) 0.166  " 

Petersthal  (Peterscjuelle) 0.046  " 

Pyrmont  (Hauptquelle) 0.077  " 

Reinerz  (Laue  Quelle) 0.052  " 

Kippoldsau  ( Wenzels(iuelle) 0.094  " 

Schwalbach  (Stahlbrunnen) 0.084  " 

Spaa  (Pouhon) 0.047  " 

St.  Moriz  ( Neue  Quelle  and  Paracelsusquelle)    .    .    •  0.028-0.029  " 

Steben  (Tempelquellc) 0.070  " 

Teinach(Wiesenquelle) 0.081  " 
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(6)  Chalybeate  springs  which  contain  sulphate  of  iron.  The  fol- 
lowing table  records  the  amount  of  sulphate  of  iron  contained  in  one 

liter : 

Alexisbad 0.056  gm. 

Levico  (Starkwasser) ;j.869  "     (contains  much  arsenic). 

Mitteibad 0.440  " 

Muskau        0.090  " 

Ratzes 0.298  " 

Roncegno 3.037  "     (contains  much  arsenic). 

Ronneby  (Neue  Quelle) 2.496  " 

Srebrenica  (Guberquelle)      ....  0.373  "     (contains  arsenic). 

The  greatest  weight  must  be  laid  upon  the  general  experience  of 
pnysicians,  and,  according  to  this  standard,  metallic  iron,  the  simple 
organic  and  inorganic  salts  of  the  metal,  and  the  chalybeate  waters  con- 
taining carbonate  of  iron,  are  undoubtedly  to  be  designated  as  those 
which  have  produced  the  surest  and  most  numerous  cures.  Next  to 
these  in  efficiency  are  the  waters  containing  sulphate  of  iron,  and  only 
the  third  place  is  to  be  assigned  to  the  complicated  ferruginous  combina- 
tions, the  discovery  and  recommendation  of  which  rest  largely  upon  the 
erroneous  supposition  that  the  salts  of  iron  are  not  absorbed  and  are 
unable  to  do  good.  Our  experience  is  not  yet  extensive  enough  to 
enable  us  to  say  which  of  these  preparations  will  acquire  the  same  popu- 
larity as  that  enjoyed  by  the  old  and  well-tried  salts  of  iron.  Accord- 
ing to  our  personal  opinion  we  may  give  a  good  prognosis  for  ferratin, 
and  particularly  for  carniferrin.  Disregarding  the  favorable  reports 
and  our  own  clinical  observations,  our  opinion  is  influenced  by  the  fact 
that,  when  well  borne,  they  can  readily  supply  the  body  with  large 
quantities  of  iron. 

Practical  Rules  for  the  Administration  of  Iron. — If  good  results 
are  to  be  obtained  by  the  administration  of  iron,  there  are  several  points 
to  be  carefully  observed. 

1.  The  most  important  of  these  is  not  to  prescribe  the  iron  in  too 
small  a  dose.  This  requisite  of  successful  treatment,  first  pointed  out 
and  repeatedly  emphasized  by  Immermann,^  is  now  recognized  by  the 
majority  of  physicians.  We  agree  with  Quincke  ^*^  in  regarding  0.1 
gm.  (gr.  iss)  of  metallic  iron  as  the  average  daily  dose.  (Sj)ecial  refer- 
ence to  chalybeate  waters  will  be  found  on  p.  495.) 

According  to  Quincke,^*^  0.1  gm.  of  metallic  iron  is  contained  in 
the  following  quantities  of  the  iron  preparations  of  the  German  Phar- 
macopeia : 

Ferr.  hvflrof]:.  red 0.10  gr. 

Ferr.  sulfumt 0.16  " 

Ferr.  carh.    oxydulat 0.20  " 

P^err.  sesciuichlorat 0.30  " 

Ferr.  sulfur,  oxydat 0.36  " 
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Ferr.  siilf.  oxydiilat 0.50  gr. 

Ferr.  lact.  oxydulat 0.50    " 

FeiT.  carbon,  sacchar 1.00    " 

Tinct.  ferr.  acet.  aetb 2.60    " 

Tinct.  ferr.  chlor 2.80    " 

Ferr.  peptonat.  (Dieterich.  i 4.00    " 

Tinct.  ferr.  poniat 7.00    " 

Tinct.  ferr.  chlor.  aeth 10.00    " 

Syrup,  ferr.  jodat 11.00    " 

Liqu.  ferr.  album.  (Pharm.) 25.00    " 

Essence  of  iron  peptonate  (Pizzala.) 25.00    " 

Tinct.  ferr.  comp.  (Athenstiidt.) 50.00    " 

Pil.  ferr.  aloei.  (0.03  gr.  Fe.) 3-4  pills. 

Pil.  ferr.  carbon.  (0.02  gr.  Fe.j 5  pills  (Blaud's  pills). 

This  table  is  to  be  compared  with  the  table  of  the  ferruginous  organic 
combinations  upon  page  489. 

It  is  advisable  to  begin  with  small  doses  (about  0.05  gm.  =  |^  of  a 
gr.  of  metallic  iron  daily),  and  then  to  increase  the  daily  amount 
rapidly  to  0.1-0.15  gm.  (1|-2|  gr.)  ;  in  chronic  cases  it  may  some- 
times be  farther  increased  to  0.2  gm.  (3^  gr.).  It  still  seems  to  us  that 
pills  are  the  most  appropriate  form  of  administration,  although  there  is 
no  objection  to  liqu.  ferri.  alburn.^  or  to  Pizzala's  popular  essence  of 
iron  peptonate.  Every  physician  has  his  favorite  prescription,  and  this 
fact  itself  shows  how  little  depends  upon  the  particular  preparation  em- 
ployed. The  authors  have  long  preferred  Blaud's  pills,  or  the  follow- 
ing prescription  containing  iron  by  hydrogen  : 

K;. — Ferri  reducti 5  gm.  (gr.  Ixxv). 

Ext.  glycyrrhizjg q.  s. 

M,  et  ft.  in  pil.  No.  C. 
Sig. — One  to  four  pills  daily. 

The  pills  should  be  taken  after  meals,  to  avoid  irritation  of 
the  stomach.  The  same  precaution  is  to  be  observed  with  the  other 
salts  of  iron,  and  also  with  the  artificial  solid  and  liquid  ferruginous 
preparations.  If  strict  attention  is  paid  to  this  point,  the  pills  of  iron 
will  always  be  well  borne.  There  may  be  some  temporary  difficulty, 
but  this  will  soon  disappear.  If  the  pills  are  stopped,  or  replaced  by 
others  of  an  indifferent  character,  the  disturbances  do  not  immediately 
pass  away ;  they  depend  more  upon  the  chlorosis  than  they  do  upon 
the  iron.  AVe  do  not  believe  that  any  actual  difference  of  toleration 
has  been  proved  to  exist  for  this  or  that  preparation ;  in  making  this 
statement  it  is  assumed  that  the  simple  preparations  are  employed,  and 
not  those  which  irritate  on  account  of  their  other  ingredients  (ethereal 
tinctures). 

2.  The  second  important  rule  is  that  the  administration  of  iron 
should  be  slowly,  never  suddenly,  discontinued.  After  the  maximum 
'  Prepared  accoi-ding  to  the  German  Pharmacopeia. 
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quantity  has  been  given  for  some  time  the  dose  should  be  gradually 
diminished,  so  that  the  iron  is  not  entirely  dispensed  Avith  until  a 
period  of  about  two  weeks  has  elapsed.  During  this  period  of  the 
diminution  of  the  dose,  either  the  original  prepararation  may  be  ad- 
ministered or  it  may  be  replaced  by  the  tinctures  containing  a  smaller 
quantity  of  iron.      We  prefer  the  former  method. 

3.  There  must  be  no  interruptions  or  irregularities  in  the  adminis- 
tration of  iron.  Chlorotics  frequently  take  iron  voluntarily,  but  they 
do  so  irregularly  and  do  not  adhere  to  a  uniform  dose.  In  other  cases 
the  patients  frequently  forget  to  take  the  iron ;  when  they  feel  the 
effects  of  their  neglect  they  increase  the  amount  far  beyond  the  pre- 
scribed dose,  in  order  to  equalize  matters.  In  such  instances  failures 
are  not  surprising,  since  recovery  follows  only  absolute  regularity.  A 
treatment  that  is  frequently  interrupted  does  more  harm  than  good  ;  it 
dulls  the  organism  to  the  stimulating  action  of  the  iron,  so  that  even  a 
subsequent  properly  observed  iron  therapy  is  unsuccessful.  It  is  fre- 
quently asked  whether  the  pills  of  iron  are  to  be  omitted  during  the 
menstrual  period  ;  this  question  is  to  be  unhesitatingly  answered  in  the 
negative.  We  have  never  discontinued  the  administration  of  iron  at 
this  time,  and  have  never  seen  any  disadvantageous  results. 

4.  The  duration  of  the  administration  of  iron  should  be  limited. 
We  should  ordinarily  calculate  upon  a  period  of  six  weeks — one  week 
for  the  gradual  increase  of  the  dose,  three  weeks  for  the  administration 
of  the  maximum  quantity,  and  two  weeks  for  the  gradual  discontinu- 
ance of  the  medication.  In  the  milder  forms  of  the  disease  complete 
recovery  will  be  attained  in  this  time.  Improvement  is  noted  within 
a  few  days,  not  in  the  quality  of  the  blood,  but  in  the  disappearance 
of  the  subjective  disturbances.  In  more  obstinate  cases  we  gain  noth- 
ing by  prolonging  the  time  of  administration  ;  it  is  advisable  to  inter- 
rupt the  treatment  for  three  or  four  weeks  and  then  to  begin  again.  In 
the  meantime,  exacerbations  frequently  make  their  appearance,  but  the 
second  period  of  administration  is  much  more  likely  to  cure  the  chlorosis. 

5.  In  many  cases  of  pure  chlorosis  the  administration  of  iron  is 
followed  by  a  negative  or  highly  unsatisfactory  result.  These  cases 
are  not  always  those  which  seem  to  be  the  severest ;  they  are  frequently 
rather  mild  types  of  the  disease.  If  no  improvement  is  noted  after  an 
appropriate  iron  therapy  has  been  conscientiously  carried  out  for  sevei-al 
weeks,  and  if  a  second  period  of  administration  of  irou  preparations  or 
chalybeate  waters  is  also  unsuccessful,  it  is  unreasonable  to  attempt  to 
force  a  cure  by  continuing  the  iron  or  by  increasing  the  dose.  Other 
methods  of  treatment  must  be  adopted.     Sometimes  these  may  also  be 
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unsuccessful,  for  there  are  cases  in  which  the  weakness  of  the  hema- 
topoietic organs  is  so  great  that  the  condition  will  not  respond  to  any 
remedy  whatever.  These  cases  are  nearly  always  due  to  a  congenital 
hypoplasia  of  the  hematopoietic  organs,  probably  associated  with  other 
hypoplasias. 

6.  As  a  rule,  chlorotic  recurrences  are  more  resistant  to  iron  than 
are  the  primary  attacks.  In  the  treatment  of  recurrences  we  are  more 
frequently  forced  to  give  up  the  administration  of  iron  and  resort  to 
other  therapeutic  measures. 

7.  Iron  is  contra-indicated  in  an  individual  case  if  its  administra- 
tion is  followed  by  a  negative  result.  Repetitions  of  the  periods  of 
administration  simply  serve  to  prolong  the  course  of  the  disease.  Before 
we  conclude  that  a  case  is  absolutely  refractory  to  iron,  however,  we 
must  know  that  the  iron  has  been  conscientiously  administered  accord- 
ing to  the  principles  which  have  just  been  indicated.  Xo  weight  is  to 
be  placed  upon  the  simple  statement  of  the  patient  that  iron  has  not 
helped  her,  although  she  has  taken  it  in  large  quantities  for  a  long  period 
of  time.  In  the  majority  of  instances  this  means  that  the  patient  has 
indeed  taken  large  doses  of  iron,  but  she  has  done  so  irregularly  and 
the  body  fails  to  respond  to  the  further  administration  of  the  metal. 
In  such  a  case  the  iron  is  to  be  discontinued  for  about  four  weeks  and 
systematic  treatment  is  then  to  be  instituted.  Before  we  assume  that 
iron  is  ineffectual  a  course  of  the  chalybeate  waters  should  be  recom- 
mended, since  it  frequently  happens  that  these  waters  are  beneficial 
where  the  pills  of  iron  have  failed.  If  these  measures  have  been 
exhausted,  the  further  administration  of  iron  is  certainly  contra- 
indicated. 

We  must  also  consider  iron  contra-indicated  in  those  cases  in  which 
it  is  badly  borne  by  the  stomach  and  intestine,  causing  belching,  nausea, 
vomiting,  gastric  pain,  and  diarrhea.  If  these  symptoms  present  them- 
selves wo  might  speak  of  an  idiosyncrasy  for  iron,  and  such  cases  have 
been  frequently  reported.  The  author,  personally,  has  never  en- 
countered them  ;  where  such  complaints  existed  the  iron  had  always 
been  given  in  unreasonably  large  doses  or  the  proper  time  (after  meals) 
had  not  been  chosen  for  its  administration. 

If  an  idiosyncrasy  for  iron  is  actually  present,  or  if  other  contra- 
indications exist  to  its  administration  by  the  mouth — Gastric  Ulcer  (see 
p.  -ifilj) ;  marked  vomiting,  so  that  absorption  is  questionable  ;  pronounced 
diarrhea — the  metal  may  be  injected  subcutaneously.  Such  a  course 
should  be  postponed  as  long  as  possible,  since  toxic  effects  have  been 
ascribed  to  the  subcutaneous  administration  of  the  remedv.     We  have 
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had  no  experience  with  this  form  of  iron  therapy,  and  consequently 
refer  the  reader  to  the  publications  of  Quincke,  who  obtained  good 
results  from  the  injection  of  a  5  per  cent,  solution  of  the  citrate  (0.05- 
0.1  gm.  =  |— I  gr.)  of  the  salt  daily. 

8.  The  chalybeate  waters  assume  a  special  position  in  the  treatment 
of  chlorosis.  Every  year  many  thousand  chlorotics  go  to  the  chalyb- 
eate springs,  and  an  enormous  percentage  are  cured  or  considerably 
improved.  This  seems  striking  when  we  consider  how  little  iron  is 
contained  in  the  majority  of  these  ferruginous  waters.  For  example, 
at  Schwalbach,  one  of  the  oldest  and  justly  celebrated  health  resorts,  a 
chlorotic  individual  drinks  at  most  J  L.  (1.056  pt.),  or  in  very  excep- 
tional cases  I  L.  (1.584  pt.)  of  the  ''  Stahlbrunnen."  She  consequently 
takes  0.02  to  0.03  gm.  (^— J  gr.)  of  metallic  iron  into  her  system 
daily  ;  if  she  always  remains  at  the  "  Weinbrunnen,"  as  is  frequently 
the  case,  she  receives  but  0.015  to  0.025  gm.  {^-^  gr.).  If  these 
quantities  of  iron  are  administered  in  pills  or  powders,  nothing  is  ac- 
complished. There  are  but  two  possible  explanations  :  either  the  real 
curative  agents  are  to  be  sought  in  accessory  circumstances,  or  the  iron 
is  contained  in  the  prescribed  water  in  such  a  form  that  it  is  decidedly 
advantageous  for  the  absorption  of  the  metal.  The  second  explanation 
is  probably  the  more  correct,  since  we  have  been  convinced  of  the  cura- 
tive influence  of  iron  and  daily  observe  the  inadequacy  of  the  best 
hygienic  conditions  if  this  substance  is  not  employed.  The  value  of 
the  carbonated  chalybeate  waters  seems  to  be  particularly  due  to  the 
dilute  solution  of  the  metal,  which  enables  the  medicament  to  be  admin- 
istered upon  an  empty  stomach.  We  know  from  experience  how  much 
this  favors  the  absorption  of  other  substances.  For  example,  if  the 
stomach  is  empty  and  1  dg.  (gr.  iss)  of  potassium  iodid  is  given, 
iodin  appears  in  the  saliva  in  from  six  to  eight  minutes  ;  if  the  stomach  is 
full,  the  iodin  reaction  is  delayed  for  a  much  longer  period  of  time.  It  may 
be  assumed  that  similar  conditions  obtain  for  the  absorption  of  the  salts 
of  iron.^  It  is  certainly  no  whim  of  the  attending  physicians  at  chalyb- 
eate springs  when  they  insist  that  the  waters  should  be  taken  upon  an 
empty  stomach,  if  possible — i.  e.,  at  a  time  when  the  gastro-intestinal 
tract  exercises  the  most  marked  absorptive  ability.  The  carbonic  acid 
contained  in  the  water  also  favors  the  absorption  of  the  metal,  since 
carbonic  acid  exercises  a  marked  stimulating  effect  upon  the  mucous 
membrane.     The  early  ingestion  of  the  chalybeate  water  is  omitted  only 

'  The  authors  would  also  refer  to  the  interesting  and  important  observations  of  Koppe 
upon  the  absorption  of  dilute  saline  solutions  ( Naturfcrecherversammlung  in  Frankfurt 
a.  M.,  1896. 
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in  exceptional  cases  (when  the  patients  are  very  weak),  and  even  then 
a  time  is  selected  when  the  stomach  is  as  empty  as  possible  (about  three 
hours  after  breakfast  or  five  hours  after  dinner).  There  is  surely  a 
good  reason  for  the  existence  of  these  old  and  tried  rules ;  if  the  ex- 
perimenters who  have  become  famous  in  laboratories  would  pay  more 
attention  to  such  facts  gained  by  experience  they  would  be  stimulated 
to  many  an  investigation  of  practical  importance. 

Skeptical  individuals  have  called  attention  to  the  fact  that  the  car- 
bonated waters  containing  small  quantities  of  iron  are  effective  only 
when  drunk  at  the  health  resort.  This  statement  is  undoubtedly  true, 
and  is  well  known  to  every  physician.  Nevertheless,  it  would  be  hasty 
to  conchide  from  this  that  the  favorable  accessory  conditions  existing  at 
the  chalybeate  spring  are  responsible  for  the  greater  part  of  the  benefit 
derived  by  the  patient.  It  is  much  more  likely  that  the  carbonated 
chalybeate  water  undergoes  considerable  change  when  it  is  placed  in 
receptacles  and  kept  for  some  time.  The  carbonic  acid  gradually  escapes, 
simple  carbonate  of  iron  is  formed  and  is  precipitated,  sinking  to  the 
bottom  of  the  vessel ;  if  still  more  carbonic  acid  gas  is  lost,  hydrated 
oxid  of  iron  results,  which  is  likewise  insoluble  in  the  supernatant  fluid. 
In  addition  to  the  escape  of  the  carbonic  acid,  the  contact  of  the  chalyb- 
eate water  with  the  organic  matter  of  the  cork  aids  in  the  decomposi- 
tion of  the  carbonate  and  in  the  precipitation  of  the  iron.  We  have 
frequently  allowed  receptacles  purporting  to  be  freshly  filled  with  car- 
bonated chalybeate  Mater  to  remain  quiet  and  corked  for  one  day,  after 
which  we  have  uncorked  them  and  carefully  withdrawn  some  of  the 
water  by  means  of  a  pipet ;  in  many  instances  ferrocyanid  of  potassium 
or  sulphid  of  ammonium  has  failed  to  demonstrate  the  slightest  reaction 
for  iron.  If  the  patients  do  not  shake  up  the  iron  precipitated  in  the 
bottom  of  the  containing  vessel,  they  receive  nothing  but  water  free 
from  iron.  If  they  distribute  the  brown  precipitate  of  iron  by  shak- 
ing the  water,  they  receive  just  as  much  iron  as  is  contained  in  the  fresh 
water  from  the  spring,  but  the  iron  is  in  quite  another  form  and  solu- 
tion ;  it  rather  resembles  the  medical  preparations  of  iron,  but  it  has  no 
effect,  since  it  is  in  too  small  a  quantity  for  this  form  of  administration. 
In  practice  the  water  is  rarely  shaken,  because  it  gives  it  an  unappetiz- 
ing appearance,  and  the  effective  substance,  regarded  as  "  dirt "  by  the 
patient,  is  carefully  left  in  the  bottle.  The  sulphuretted  waters  are 
more  adapted  to  domestic  use  than  are  the  carbonated,  since  the  iron 
is  not  precipitated. 

Although  we  are  decidedly  of  the  opinion  that  the  greatest  stress  is 
to  be  laid  upon  the  drinking  of  the  fresh  water  at  the  spring,  it  must 
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not  be  forgotten  that  the  sojourn  at  the  health  resort  has  many  other  ad- 
vantages, the  eiFeet  upon  the  appetite  being  particularly  marked.  This 
characteristic  is  possessed  both  by  the  chalybeate  and  the  weak  saline 
springs,  and  it  is  frequently  manifested  in  a  most  striking  manner.  A 
stimulation  of  the  appetite  is  not  necessary  in  every  case  of  chlorosis, 
a  point  which  will  be  considered  more  in  detail  upon  a  subsequent  occa- 
sion ;  in  other  patients,  however,  the  increase  of  the  appetite  is  to  be 
greatly  desired.  This  increased  appetite  could  be  still  further  utilized 
if  less  stress  were  laid  upon  the  incompatability  of  the  chalybeate  water 
with  certain  articles  of  diet,  such  as  fats,  fruits,  and  acids.  This  teach- 
ing in  reference  to  the  fats  is  decidedly  wrong,  as  we  have  been  repeat- 
edly able  to  demonstrate.  To  the  advantage  of  many  chlorotics,  the 
forbidding  of  fats  is  no  longer  so  strongly  insisted  upon  at  these  health 
resorts  as  was  formerly  the  case.  The  fat  is  limited  or  excluded  only 
at  the  first  meal  after  drinking  the  Mater.  Later  in  the  day  it  is  per- 
mitted in  all  the  larger  quantity.  So  far  as  fresh  fruits  and  acids  are 
concerned,  we  should  rather  withliold  our  opinion  as  to  whether  their 
exclusion  at  these  health  resorts  is  really  justified ;  it  is  likely  that 
more  individual  latitude  should  be  allowed  than  is  customary  at  pres- 
ent. In  the  course  of  the  ordinary  administration  of  iron  in  powders 
and  pills  we  have  been  frequently  convinced  that  no  injurious  results 
follow  the  ingestion  of  fruits  and  acidulous  foods.  As  previously  stated, 
we  do  not  care  to  jump  to  the  same  conclusion  in  reference  to  the  chalyb- 
eate springs. 

A  further  beneficial  influence  of  the  chalybeate  springs  is  to  be  found 
in  bathing.  The  quantity  of  iron  in  the  bathing  water  is  of  no  con- 
sequence whatever,  but  the  amount  of  carbonic  acid  gas  is  of  consider- 
able importance.  The  refreshing  and  beneficial  influence  of  carbonic 
acid  baths  (it  matters  not  whether  they  contain  bicarbonate  of  iron  or 
sodium  chlorid)  can  be  denied  by  no  one  who  has  himself  tried  them 
or  who  has  observed  their  effect  upon  weakly  patients,  particularly  upon 
chlorotics.  For  the  combating  of  the  "  irritable  weakness  "  of  the 
nervous  system,  which  plays  such  an  important  role  in  the  symptoma- 
tology of  chlorosis,  there  is  scarcely  a  better  remedy.  Finally,  it  is  also 
to  be  considered  that  many  chlorotics  find  much  more  favorable  external 
conditions  at  the  bathing  resort,  or  they  utilize  them  more,  than  they 
do  at  home.  The  correct  distribution  of  physical  rest  and  exercise, 
the  fresh  air,  the  absence  of  the  depressing  monotony  of  the  house- 
hold life,  and  stimulating  amusements,  all  aid  in  improving  the  general 
condition. 

It  is  impossible  to  estimate  the  values  of  the  individual  factors  which 

32 
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constitute  the  treatment  at  the  chalybeate  springs.  From  a  therapeutic 
standpoint  the  treatment  is  to  be  regarded  as  a  unit.  We  may  think 
what  we  will  of  the  significance  of  this  or  that  portion  of  the  treatment, 
but  it  is  certain  that  many  chlorotics  who  obtain  no  benefit  from  the  iron 
therapy  at  home,  in  spite  of  favorable  accessory  conditions,  may  still 
expect  to  be  cured  at  the  chalybeate  springs. 

The  sojourn  at  the  chalybeate  springs  is  usually  of  too  short  dura- 
tion. If  only  three  weeks  can  be  allowed  the  treatment  should  not  be 
undertaken.  The  result  is  almost  always  incomplete  and  recurrences 
soon  make  their  appearance.  Four  weeks  are  sufficient  for  mild  cases ; 
in  more  obstinate  ones  five  or  six  week  are  necessary.  To  extend  the 
treatment  beyond  this  time  is  to  be  recommended  only  in  exceptional 
cases.  If  no  result  is  obtained  in  this  time,  it  will  likewise  fail  to 
make  its  appearance  if  the  treatment  is  longer  continued. 

The  Administration  of  Arsenic. — We  include  arsenic  among 
those  remedies  which  stimulate  hematopoiesis  in  chlorosis.  Such  an 
opinion  has  been  repeatedly  expressed  in  reference  to  other  diseases ; 
for  example,  so-called  pernicious  anemia.  In  healthy  individuals  ar- 
senic is  said  to  exercise  a  destructive  influence  upon  the  blood-cor- 
puscles (Cutler  and  Bradford,^"  Stierlin,-'^"  Delpeuch^^^) ;  Fenoglio,'^^  on 
the  contrary,  found  that  in  health  the  hemoglobin  percentage  remained 
the  same  or  increased.  Opinions  are  divided  as  to  the  value  of  the 
administration  of  arsenic  in  chlorosis.  Wilks,  ^''^  Isnard,  ^  de  Renzi  '^^ 
and  Dujardin-Beaumetz  ^^^  favor  its  use ;  Hunt,^''  Willcocks,^*  and 
Smart  ^'^  found  no  good  results,  and  in  some  cases  observed  exacerba- 
tions of  the  disease.  R.  Stockmann^"^  expresses  himself  decidedly 
against  the  employment  of  the  remedy  ;  in  4  cases,  which  he  reported 
in  detail,  the  number  of  blood-corpuscles  and  the  hemoglobin  percentage 
showed  no  change  while  arsenic  was  being  administered  ;  iron  immedi- 
ately caused  considerable  improvement. 

From  a  personal  experience  extending  over  many  years  we  must 
designate  arsenic  as  an  excellent  remedy  in  chlorosis.  During  the  last 
ten  years  we  have  treated  many  dozen  of  chlorotics  exclusively  with 
arsenic,  giving  the  patient  no  iron  whatever,  and  we  have  been  very 
well  contented  with  the  therapeutic  results.  Many  of  the  chlorotic 
girls  and  women  who  were  treated  with  arsenic  remained  under  the 
same  external  conditions ;  the  administration  of  the  arsenic  was  not 
supported  by  improvement  of  the  general  nutrition  or  by  other  influ- 
ences. The  general  impression  gained  is  that  energetic  treatment  with 
arsenic  is  usually  followed  by  just  as  good  results  as  is  iron  therapy, 
and  that  in  no  small  number  of  cases  arsenic  treatment  is  even  better 
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than  iron  treatment.     We  possess  accurate  records  of  the  influence  upon 
the  corpuscles  and  liemoglobin  in  but  7  cases. 

Observations  1  to  4  refer  to  patients  with  primary  attacks  of  chlo- 
rosis. Cases  1  and  2  had  received  no  treatment  whatever ;  in  cases 
3  and  4  iron  had  been  given  for  a  long  time  without  any  visible  im- 
provement. Patients  5  to  7  had  chlorotic  recurrences ;  in  the  previous 
attacks  iron  had  been  successfully  employed. 

1.  Before  treatment :  Blood-corpuscles  4,100,000,  dry  residue  14.8  per  cent. 
After  4  weeks :  "                    4,400,000,       "               19.7       " 

2.  Before  treatment :  "                    3,800,000,       "               12.9       " 
After  25  days:  "                    4,550,000,       "               20.1       « 

3.  Before  treatment :  Hemoglobin  (Fleischl)  46  per  cent. 
After  32  days:  "                                75       " 

4.  Before  treatment :  "              (Gowei-s)   46       " 
After  47  days:  "                                72       " 

5.  Before  treatment:  "              (Fleischl)  68       " 
After  15  days :  "                                73       " 

"     34     "  "  82       " 

"     46     "  "  87       " 

6.  Before  treatment:  Blood-corpuscles  3,750,000,  drv  residue  16.6  per  cent. 
After  5  weeks:  "  4,320,000,      ""  19.2       " 

7.  Before  treatment:  "  2,520,000,  hemoglobin  (Gowers)  40  per  cent. 
After  28  days:                  "                   3,475,000,         "  48       " 

"    34    "  "  3,818,000,        "  45       " 

From  this  time  on  the  patient  was  given  carniferrin  instead  of 
arsenic.  Within  one  week  the  blood-corpuscles  had  increased  to  4,400,- 
000  and  the  hemoglobin  to  60  per  cent.  In  this  case  the  ferruginous 
preparation  was  evidently  more  powerful  than  the  arsenic. 

Since  the  exclusive  administration  of  arsenic  is  frequently  unsuc- 
cessful, we  almost  always  give  iron  in  combination  with  arsenious  acid, 
usually  according  to  the  following  formula  : 

R. — Ferri  reducti 5.0  gra.  (gr.  Ixxv.) ; 

Acidi  arseniosi 0.2  gm.  (gr.  3J)  ; 

Ext.  glycvrrliiza; q.  s. 

M.  et.  Ft.  in  pil.  No.  C. 
Sig. — One  to  four  pills  daily  (slowly  increasing). 

If  the  case  is  to  be  treated  with  arsenic  alone,  the  same  prescription 
may  be  employed,  omitting  the  iron.  The  initial  dose  of  arsenic  is 
consequently  2  mg.  (gr.  ■^^)  daily  ;  within  ten  days  this  is  increased  to 
8  mg.  (gr.  ^).  In  some  cases  double  and  even  three  times  this  nniount 
may  be  administered.  The  arsenic  treatment  of  chlorosis,  or  rather  the 
combination  of  arsenic  with  iron,  has  recently  gained  many  friends  ; 
the  growing  u.'^e  of  tiie  chalybeate  waters  containing  arsenic  (Roncegno, 
Levico,  etc.),  is  evidence  of  an  unmistakable  character.  From  per- 
sonal experience  we  would  earnestly  advise  the  addition  of  arsenic, 
or  even  its  exclusive  use,  in  those  cases  where  iron  has  failed  or  where 
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it  is  too  slow  in  its  action.  It  is  of  still  greater  importance  than  in  the 
administration  of  iron  that  the  treatment  should  be  continuous  and  un- 
interrupted ;  the  dose  of  the  arsenic  should  be  slowly  increased  and 
then  still  more  gradually  diminished.  The  treatment  should  be  con- 
tinued for  four  or  five  weeks  ;  then,  as  in  the  iron  treatment,  there  must 
be  an  interruption  of  at  least  three  weeks.  The  arsenic  pills  are  to  be 
taken  during  or  immediately  after  eating. 

Instead  of  pills  of  arsenic,  corresponding  doses  of  the  mineral  waters 
containing  arsenic  may  be  employed.  One  mg.  (gr.  -gL)  of  arsenic,  the 
initial  dose,  is  contained  in  : 

8  c.c.  of  Roncegno  water, 
106  c.c.  of  the  water  of  Plombieres, 
115  c.c.  "  stronger  water  of  Levico, 
165  c.c.  "  Guberquelle, 
1050  c.c.  "  weaker  water  of  Levico. 
Hig"h  Altitudes. — In  recent  years  numerous  investigations  have 
been  made  in  reference  to  the  influence  of  high  altitudes  upon  the  den- 
sity of  the  blood,  and  particularly  upon  the  number  of  red  blood- 
corpuscles  and  upon  the  hemoglobin  percentage.  Most  authors  found 
a  rapid  and  considerable  increase  of  the  corpuscles  and  of  the  hemo- 
globin when  persons  from  the  plains  ascended  to  marked  heights  ;  upon 
the  return  to  the  lower  level  the  original  density  of  the  blood  again 
manifested  itself  (Viault,  Egger,  Koppe,  F.  Wolif,  Mercier,  Miescher^"). 
Others  ^^ — for  example,  Engli-Sinclair,  Zuntz,  and  Schumburg — found 
no  increase  in  the  cor})uscles  in  the  heights  of  the  Alps.  It  nevertheless 
should  be  noted  that  the  observations  of  Zuntz  and  Schumburg  Avere 
made  upon  themselves,  at  a  time  when  they  were  subjected  to  marked 
physical  fatigue.  Some  authors  are  decidedly  in  fiivor  of  regarding  the 
increased  number  of  red  blood-cells  as  a  hypertrophy  of  the  blood, 
which  is  to  be  considered  as  a  compensatory  phenomenon  equalizing  the 
diminished  partial  pressure  of  oxygen  found  in  high  altitudes.  This 
statement  has  met  with  numerous  contradictions.  E.  Grawitz  ^^^  traces 
the  phenomenon  to  a  loss  of  water,  which  is  caused  by  the  dryness  of 
the  high  mountain  air.  As  yet  no  explanation  seems  to  be  suflBcient ; 
every  new  work  brings  another  interpretation.  In  our  opinion,  so  far 
as  therapeutics  is  concerned,  this  question  can  not  be  decided  from  ex- 
periments with  healthy  individuals  or  with  animals,  as  has  previously 
been  attempted  by  E.  Grawitz, 2^2  O.  Schauman  and  E.  Rosenquist,^®^ 
and  J.  Weiss  ^^^.  Although  it  may  be  shown  that  in  healthy  indi- 
viduals only  the  smallest  part  of  the  marked  increase  of  the  blood- 
corpuscles  is  due  to  true  hypertrophy,  the  state  of  affairs  in  patients 
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with  a  pathologic  diminution  of  the  hemoglobin  percentage  may  be 
entirely  different.  Normal  blood  is  so  rich  in  hemoglobin  that  it  can 
combine  with  sufficient  oxygen  in  spite  of  the  diminution  of  the  partial 
pressure  of  the  gas,  but  an  anemic  individual  is  seriously  affected  by 
this  diminution.  There  is  a  considerable  increase  both  in  the  demands 
made  upon  the  heart  and  lungs  and  also  in  those  made  upon  blood- 
formation.  Until  our  knowledge  is  further  extended,  we  are  justi- 
fied in  supposing  that  permanent  stimulus  of  the  diminished  partial 
pressure  of  the  oxygen  in  high  altitudes  acts  upon  the  hematopoietic 
organs  of  chlorotics  and  causes  increased  blood-production.  If  we 
adopt  this  supposition,  we  have  to  do  with  a  curative  power  which  is 
thoroughly  analogous  to  iron  and  to  arsenic.  All  three  of  these  meas- 
ures finally  stir  up  the  hematopoietic  organs  from  their  pathologic 
lethargy. 

Evidence  of  the  positive  curative  results  of  high  altitudes  in  chlo- 
rosis is  rather  scanty,  since  there  is  still  a  lack  of  carefully  selected 
material.  The  excellent  results  of  the  treatment  at  St.  Moritz  and  other 
chalybeate  baths  of  high  elevation  can  not  be  quoted,  since  the  re- 
coveries are  probably  due  more  to  the  chalybeate  water  than  to  the 
high  altitude.  Nevertheless,  we  know  some  chlorotics  who  had  pre- 
viously visited  other  chalybeate  baths  without  actual  benefit  and  who 
were  then  cured  at  St.  Moritz,  where  the  influence  of  the  elevation  was 
combined  with  that  of  the  waters.  It  would  be  worth  the  trouble  to 
investigate  further  the  importance  of  high  altitudes  in  chlorosis,  and 
the  results  would  be  as  interesting  theoretically  as  they  are  practically 
important.  Naturally^  we  do  not  expect  a  recovery,  and  particularly  a 
permanent  one,  in  every  instance.  This  is  also  the  case  in  the  iron 
treatment.  Sometimes  we  are  successful  in  permanently  overcoming 
the  sluggishness  of  the  hematopoietic  organs  ;  in  other  cases  the  ])ath()- 
logic  atony  soon  returns  after  the  removal  of  the  stimulus  (iron  or  high 
altitude,  as  the  case  may  be). 

The  Withdrawal  of  Blood. — Upon  first  thought  it  would  seem 
preposterous  that  anyone  had  tliought  of  treating  chlorosis  by  tiie  with- 
drawal of  blood.  We  have  heard  the  most  scathing  criticisms  from 
authoritative  sources  of  "  this  new  and  degenerated  edition  of  the 
vampirism  of  bygone  days."  We  by  no  means  favor  the  practice 
of  venesection  in  chlorosis,  but  will  only  point  out  that  this  bold 
measure  is  neither  so  paradoxical  nor  so  ridiculous  as  it  seems.  The 
history  and  the  practical  results  of  venesection  in  chlorosis  are  fully 
related  in  the  publications  of  A.  Dyes.  Since  1883  Dyes '^^  published 
several  dissertations,  in  which  he  most  warmly  recommended  venesec- 
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tion  in  severe  chlorosis.  He  supported  his  claims  by  a  rich  practical 
experieuce  that  we  must  recognize,  and  by  theories  which  are  so  lacking 
in  scientific  foundation  that  we  must  refrain  from  their  discussion.  In 
the  meantime,  Wilhelmi,^®*  Scholz,^^  Schubert,^^  and,  to  a  certain 
extent,  KrSnig,^^^  have  announced  themselves  as  champions  of  the  new 
theory.  The  entire  clinical  material  favorable  to  the  new^  treatment 
has  been  recently  collected  in  the  monograph  of  Schubert  ^^^  Like 
Scholz  and  others,  this  author  emphasizes  the  fact  that  the  venesection 
should  be  followed  by  a  systematic  course  of  sweating.  Scholz  says 
that  the  course  of  sweating  is  frequently  curative  without  a  preceding 
venesection.  Nonne  and  P.  Schmidt  ^^^  have  no  unfavorable  results  to 
record,  but  they  have  also  had  no  such  good  results  from  venesection 
and  from  sweating  that  they  would  care  to  recommend  the  new  therapy 
in  place  of  the  old  and  tried  treatment  with  iron.  We  have  personal 
knowledge  of  about  6  cases  in  which  venesection  undoubtedly  had  a 
beneficial  influence ;  2  cases  in  particular  occur  to  us  in  which  vene- 
section caused  a  rapid  and  complete  recovery,  after  the  chlorosis  had 
been  previously  treated  unsuccessfully  for  months  with  iron.  These 
experiences  are  not  sufficient  for  the  foundation  of  an  accurate  personal 
opinion. 

The  general  opinion,  which  is  based  upon  the  previous  publications, 
is  that  there  is  no  reason  for  giving  venesection  a  prominent  position  in 
the  treatment  of  chlorosis.  In  this  respect  we  entirely  agree  with 
Nonne  and  P.  Schmidt.  There  is  still  less  reason,  since  the  treatment 
with  venesection  and  sweating  is  by  no  means  simple,  and,  according 
to  the  opinion  of  its  own  champions,  must  extend  over  a  long  time  and 
frequently  requires  to  be  repeated.  Upon  the  other  hand,  it  would  be 
entirely  wrong  simply  to  deny  and  ridicule  the  favorable  results  which 
have  been  obtained.  We  have  to  do  with  facts,  and  facts  are  always 
to  be  respected. 

The  only  theory  which,  to  our  mind,  seems  adapted  to  explain  the 
•  curative  action  of  venesection  is  the  one  which  we  have  adhered  to  for 
a  long  time  and  Avhich  has  been  given  in  this  article  :  that  there  is 
deficient  blood-formation  in  chlorosis,  and  that  all  our  measures  must 
be  directed  to  arousing  the  hematopoietic  organs  from  their  pathologic 
lethargy.  With  this  theory  we  explain  the  curativ.e  action  of  iron,  of 
arsenic,  of  high  altitudes,  and  now  we  return  to  it  again  to  explain  that 
of  venesection.  It  seems  to  us  that  one  of  the  best  supports  of  this 
theory  is  that  it  enables  us  to  understand  such  a  heterogenous  collection 
of  curative  methods.  We  do  not  know  how  anyone  who  traces  chlo- 
rosis to  a  lack  of  iron,  and  who  would  make  the  cure  of  the  disease  de- 
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pendent  upon  the  replacement  of  this  deficit,  could  explain  the  other 
treatments,  and  particularly  the  results  of  venesection,  without  utilizing 
the  most  daring  accessory  hypotheses. 

According  to  our  theory  the  curative  action  of  venesection  is  readily 
understood.  Of  all  physiologic  conditions,  we  know  of  no  more  im- 
portant and  effective  means  of  stimulating  blood-formation  and  of 
causing  a  stormy  reaction  of  the  hematopoietic  organs  than  acute 
hemorrhage.  We  might  assume  that  the  same  influence  is  exercised 
in  chlorosis.  If  healthy  individuals  are  bled,  the  loss  of  hemoglobin 
is  simply  replaced ;  in  chlorosis  it  is  possible  that,  if  the  proper  time 
is  selected,  the  hemoglobin  percentage  may  rise  until  it  reaches  the 
normal.  The  lethargy  of  the  hematopoietic  organs  is  overcome  by  the 
energetic  procedure  and  does  not  return  ;  in  favorable  cases  hemato- 
poiesis  continues  until  the  normal  condition  of  the  blood  has  been 
attained.  Further  experience  is  necessary  before  it  can  be  determined 
at  what  time  in  the  course  of  chlorosis  we  may  expect  good  from  vene- 
section, the  particular  indications  for  the  procedure,  and  how  much 
blood  is  to  be  withdrawn  (heretofore  the  amount  has  been  about  100 
c.c.  =  3J  oz.).  Even  at  the  present  time,  however,  we  can  not  deny, 
either  from  a  practical  or  theoretic  standpoint,  that  venesection  is  a 
dangerous,  but  in  skillful  hands  also  a  useful  weapon  (v.  Noorden).^^^ 

The  Treatment  with  Bxtracts  of  Organs. — It  is  with  great 
hesitation  that  we  refer  to  the  recent  efforts  to  cure  chlorosis  by  feeding 
the  patients  with  organic  extracts.  The  subject  is  much  too  new  for 
us  to  hold  an  opinion  in  reference  to  its  value  and  to  its  future. 

The  Treatment  with  Red  Bone=marrow. — We  have  had  some  per- 
sonal experience  with  this  treatment,  but  our  results  did  not  encourage 
us  to  continue  the  experiments.  Fresh  red  marrow  may  be  given,  or 
tablets  of  the  same  may  be  employed.  In  the  English  literature  we 
find  a  publication  by  Ch.  Fobbes,'^''''  who  reports  good  results. 

The  Treatment  with  Splenic  Extract. — A  Berlin  firm  has  recently 
placed  a  preparation  upon  the  market,  which  is  manufactured  from  the 
spleens  of  cattle.  This  substance  has  been  given  the  name  of  "  cury- 
throl."  M.  David  ^'  has  treated  a  number  of  chlorotics  with  this  prepa- 
ration, and  states  that  the  experiments  were,  on  the  whole,  successful 
and  encouraging. 

The  Treatment  with  Ovarian  Extract. — In  view  of  our  adopted 
theory  that  the  condition  of  the  ''  internal  ovarian  secretion  "  has  a  rela- 
tion to  the  pathogenesis  of  chlorosis,  we  must  consider  the  treatment  with 
"  ovarin  "  to  be  full  of  promise.  Experience  alone  can  decide  this  ques- 
tion.    The  publications  are  still  very  scanty.     Spiliman  and  Etienne  ^" 
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treated  6  chlorotics  with  ovarian  extract,  and  assure  us  that  they  saw 
most  favorable  results.  Fredeli  ^^  employed  the  "  ovarin  "  (prepared 
by  E.  Merck,  of  Darmstadt)  in  doses  of  0.25  to  0.5  gm.  (gr.  iv-viij) 
pro  die,  and  was  likewise  pleased  with  the  result.  The  brief  papers 
by  Muret  ^^"^  and  Touvenaint  ^^^  are  also  encouraging. 

We  have  considered  the  administration  of  the  extracts  of  the  organs 
at  this  place  because  their  curative  influence — if  its  existence  is  sub- 
sequently confirmed — can  only  be  due  to  the  indirect  stimulation  of  the 
hematopoietic  organs. 

DIETETIC  AND  HYGIENIC  TREATMENT. 
The  remaining  accessory  methods  employed  in  the  treatment  of  chlo- 
rosis assist  only  indirectly  in  the  recovery,  since  they  are  simply  directed 
toward  the  improvement  of  the  nutritive  condition  and  of  the  general 
strength.  These  measures  alone  are  not  sufficient,  for  chlorosis  fre- 
quently makes  its  appearance  when  nothing  has  been  neglected  in  this 
direction,  and  we  often  observe  that  the  disease  persists  in  spite  of  the 
most  appropriate  diet  and  the  best  care  until  iron  has  been  administered. 
Upon  the  other  hand,  we  can  not  fail  to  recognize  how  little  can  be 
accomplished  by  the  iron  treatment,  or  by  some  of  the  previously  men- 
tioned substitutes,  if  they  are  opposed  by  unfavorable  nutritive  condi- 
tions or  by  faulty  methods  of  life.  We  must  consequently  consider 
how  these  factors  can  be  best  arranged  for  chlorotic  patients. 

THE  DIET. 

It  has  been  previously  stated  in  this  article  that  in  chlorosis  the  met- 
abolism of  the  albumins,  as  well  as  metabolism  in  general,  is  not  char- 
acterized by  any  actual  deviations  from  the  normal.  The  nutritive  con- 
dition is  consequently  dependent  upon  the  same  laws  as  it  is  in  health ; 
the  ways  and  means  by  which  it  may  be  influenced  are  indeed  subject 
to  variation. 

The  problem  which  presents  itself  is  not  always  the  same.  There 
are  numerous  chlorotics  whose  nutritive  conditions  are  entirely  normal, 
both  in  regard  to  the  subcutaneous  fat  and  to  the  musculature.  In 
these  individuals  we  would  not  undertake  to  change  the  quantity  of  the 
food  ingested,  although  improvements  might  seem  possible  and  desirable 
in  reference  to  the  quality  and  the  distribution  of  the  diet.  In  a  second 
group  of  patients  we  find  that  the  nutritive  conditions  are  bad  ;  such 
conditions  may  have  existed  from  youth  or  they  may  have  first  made 
their  appearance  during  the  development  of  the  disease.  In  these  cases 
one  of  the  foremost  problems  of  the  treatment  of  the  chlorosis  is  to 
improve  the  condition  of  nutrition.     To  do  this  it  is,  of  course,  neces- 
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sary  to  study  carefully  the  peculiarities  of  the  individual  case  and  to 
gain  an  exact  knowledge  of  the  factors  responsible  for  the  bad  nutritive 
condition.  In  the  anamnesis  we  should  obtain  what  might  be  called 
the  dietetic  history  of  the  patient  as  far  back  as  possible.  In  a  third, 
and  by  no  means  insignificant,  group  we  have  to  do  with  girls  and 
women  whose  forms  are  more  rounded  than  normal  and  who  give  us  the 
impression  of  obesity,  or,  at  least,  they  are  what  the  layman  designates 
as'" puffy."  These  cases  offer  a  rich  field  for  dietetic  treatment,  but  it 
is  to  be  undertaken  only  after  a  careful  consideration  of  the  individual 
nutritive  conditions  and  habits  of  life. 

We  will  first  consider  those  dietetic  principles  which  are  applicable 
to  all  chlorotics,  and  then  take  up  those  variations  which  are  demanded 
by  the  peculiarites  of  the  individual  case. 

Regularity  and  Frequency  of  the  Meals. — We  regard  regu- 
larity in  eating  as  one  of  the  most  important  rules.  As  we  have 
already  seen,  very  many  chlorotics  sin  in  this  respect,  since  they  only 
play  at  eating  at  the  regular  meal-time ;  between  meals,  however,  they 
eat  according  to  the  whim  of  the  moment  and  are  at  times  almost 
ravenous.  This  bad  habit  must  be  decidedly  opposed,  or  control  is 
lost  of  the  amount  of  food  actually  ingested,  and  we  cultivate  the 
dangerous  hysteric  tendency  of  the  chlorotics,  which  makes  them  the 
weak  playthings  of  their  own  sensations.  Chlorotics  should  eat  and 
drink  only  at  the  time  prescribed  by  the  physician  ;  within  a  few  days 
the  irregular  ravenous  appetite  will  then  disappear. 

The  intervals  between  the  meals  should  not  be  very  great,  never 
amounting  to  more  than  two  and  a  half  or,  at  most,  three  hours  ;  the 
longest  interval  should  follow  the  dinner.  The  following  is  a  correct 
arrangement  : 

Breakfast  at  8  A.  m.  Dinner  at  1  P.  M. 

Early  luncheon  at  10.30  A.  m.       Late  luncheon  at  4.30  p.  M. 
Supper  at  7.30  to  8  p.  m. 

The  greater  frequency  allows  of  a  diminution  of  the  amount  ingested 
at  the  individual  meal.  This  is  an  important  point,  because  very  many 
chlorotics  suffer  from  a  hypersensitiveness  of  the  stomach  and  their 
appetites  are  soon  satisfied.  Under  certain  circumstances  the  number 
of  the  meals  may  be  still  further  increased  ;  this  is  jiecessary  when  it  is 
important  that  the  patient  should  eat  as  mucli  as  possible,  or  when  the 
stomach  is  able  to  digest  only  very  small  quantities  of  food  at  one  time 
(see  p.  515). 

The  Amount  of  Albumin  in  the  Diet. — Wlictlier  tlie  chlorotic 
be  lean,  well  nourished,  or  corpulent,  the  total  of  food  ingested  should 


506  CHLOROSIS. 

contain  a  large  percentage  of  albumin.  At  this  place  we  wish  to  oppose 
the  view  frequently  expressed  at  the  present  time,  that  the  people  re- 
quire only  a  relatively  small  quantity  of  albumin,  and  that  when  this 
is  supplied  it  matters  not  whether  tUey  are  given  carbohydrates  and 
fats  or  more  albumin.  It  does  not  matter,  so  far  as  the  formation  of 
fat  is  concerned,  since  this  process  is  dependent  exclusively  upon  the 
number  of  calories  contained  in  the  diet.  If,  however,  we  wish  to 
strengthen  the  entire  body,  build  vip  new  tissues  containing  albumin, 
and  stimulate  blood-formation,  experience  teaches  that  we  must  prescribe 
a  diet  rich  in  albumin.  In  this  respect  we  can  learn  more  from  the 
careful  observation  of  patients  upon  different  diets  than  we  can  from 
experiments  upon  metabolism.  One  hundred  gm.  (3^  oz.)  of  albumin 
is  the  minimum  daily  amount  of  albumin  required  by  chlorotics ;  if 
the  individual  is  corpulent,  a  somewhat  larger  quantity,  about  120  to 
140  gm.  (4-4  I  oz.),  is  necessary.  If  the  desired  quantity  can  not  be 
reached  with  the  ordinary  foods,  some  of  the  albuminous  preparations 
may  be  employed  (somatose,  nutrose,  protogen,  eucasin). 

Meat  in  the  Morning. — We  must  not  only  consider  the  amount 
of  the  albumin,  but  also  the  time  of  its  ingestion.  In  all  anemias,  and 
particularly  in  chlorosis,  we  can  not  speak  too  strongly  in  favor  of 
the  introduction  of  substances  rich  in  albumin  into  the  diet  of  the 
early  morning  hours.  The  present  custom  in  Germany,  of  eating  a 
scanty  breakfast  containing  little  albumin,  is  not  suitable  for  many 
patients,  and  is  particularly  detrimental  to  chlorotics.  Almost  all 
the  patients  feel  most  depressed  in  the  morning  hours ;  they  lounge 
about  and  are  capable  of  no  actual  exertion.  This  condition,  which  is 
disagreeable  to  the  patient  and  prejudicial  to  her  proper  training,  can 
not  be  better  counteracted  than  by  adopting  the  English  custom  of 
commencing  the  day  with  a  meal  that  is  as  strengthening  as  possible. 
If  this  rule  is  conscientiously  observed,  most  girls  overcome  the  sensa- 
tion of  wretchedness  and  the  tendency  to  fainting  so  frequently  observed 
in  the  morning  hours. 

In  addition  to  the  results  of  practical  experience  there  are  also 
interesting  theoretic  reasons  why  the  first  meal  should  be  rich  in  albu- 
min. The  products  of  the  digestion  of  the  albuminous  bodies  are 
rapidly  taken  up  into  the  circulation,  and  may  be  utilized  by  the  organ- 
ism within  a  short  period  of  time.  This  is  not  true  of  the  carbohy- 
drates and  of  the  fats.  The  fats  are  very  slowly  absorbed,  and  several 
hours  pass  before  even  a  part  of  these  substances  can  pass  into  the 
circulation.  Carbohydrates  are  rapidly  absorbed,  but  they  can  not  be 
immediately  employed  by  the  tissues,  since  only  a  very  small  portion 
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gains  access  to  the  arteries  of  the  body,  the  larger  quantity  being  first 
arrested  in  the  liver.  From  the  liver  they  are  allowed  to  escape  into 
the  blood  only  very  gradually,  so  that  the  amount  of  sugar  in  the 
arterial  blood  after  a  meal  rich  in  carbohydrates  is  no  greater  than  in 
the  fasting  condition.  It  is  the  albuminous  bodies  alone  that  are  con- 
sumed soon  after  their  ingestion.  This  peculiarity  is  of  special  value 
for  our  present  purpose.  Alcohol  is  the  only  other  substance  which  is 
consumed  so  soon  after  its  ingestion  (see  p.  508). 

In  view  of  these  facts  we  would  recommend  that  chlorotic  girls  and 
women  eat  a  large  portion  of  meat  at  their  breakfast ;  it  does  not  matter 
whether  the  meat  be  cold  or  warm,  or  whether  a  roast,  smoked  meat, 
wild  fowl,  or  fish  is  selected.  In  practice,  in  Germany  at  least,  most 
can  be  accomplished  with  cold  meat  (cold  roast,  cold  birds,  smoked 
meat,  and  particularly  raw  or  boiled  ham).  The  amount  to  be  eaten 
is  to  be  prescribed  by  the  physician  and  not  left  to  the  whim  of  the 
patient.  We  begin  with  50  gm.  (If  oz.)  of  beef  (weighed  in  the  pre- 
pared state),  and  gradually  increase  the  amount  to  100  gm.  (3^  oz.),  if 
possible.  Since  meat  soon  satisfies  the  appetite  of  the  patient,  the 
other  articles  of  diet  must  take  up  as  small  a  volume  as  possible ;  for 
example,  two  pieces  of  toast  or  of  zwieback  that  is  free  from  sugar 
(the  "  All  Heil  "  or  "  Niihrtoust "  prepared  by  Otto  Rademann,  of 
Bockenheim-Frankfurt  a.M.).  The  ordinary  zwieback,  containing  sugar, 
is  not  to  be  recommended.  To  this  may  be  added  a  small  cup  of  tea 
or  of  coffee  with  a  little  milk  or  sugar. 

We  have  treated  but  few  chlorotic  girls  who  did  not  immediately 
say  that  it  was  quite  impossible  for  them  to  eat  meat.  The  physician 
must  expect  to  meet  with  this  opposition,  and  a  certain  amount  of  firm- 
ness will  soon  overcome  this  idea.  After  a  short  period  the  objection 
will  be  silenced,  and  the  good  result  will  show  that  the  demand  was 
justified. 

The  Employment  of  Milk  in  Chlorosis, — The  laity,  together 
with  many  physicians,  are  inclined  to  give  milk  a  very  prominent  posi- 
tion in  the  diet  of  the  chlorosis.  Milk  is,  without  doubt,  a  very  useful 
and,  under  certain  circumstances,  even  an  extremely  important  and  in- 
dispensable article  of  diet.  Nevertheless,  when  milk  is  prescribed 
certain  points  are  always  to  be  considered,  and  the  daily  amount  of  the 
milk  and  its  distribution  must  be  accurately  stated.  Much  harm  can 
be  accomplished  by  the  simple  command  to  "  drink  plenty  of  milk." 
In  chlorosis  the  harmful  influence  may  be  manifested  in  three  ways  :  1. 
If  large  quantities  of  milk  are  ingested  at  inappropriate  intervals,  when 
there  is  a  marked  loss  of  appetite,  the  remainder  of  the  diet  suffers, 
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often  to  the  extent  that  the  total  amount  of  food  ingested  (including 
the  milk)  is  not  sufficient  to  replace  the  body  waste.  Emaciation  re- 
sults instead  of  the  desired  increase  in  weight.  2.  In  chlorotics  with  an 
average  appetite  the  milk  diet  easily  leads  to  overfeeding.  In  anemic 
persons,  however,  this  influence  is  not  limited  to  the  laying  on  of  fat,  but 
the  amount  of  water  in  the  tissues  of  the  body  is  increased  and  the 
patient  acquires  a  bloated  appearance.  The  anemia  is  not  improved  by 
the  increasing  corpulency ;  practical  experience  rather  shows  that  re- 
covery is  delayed.  3.  If  milk  is  taken  frequently  between  meals,  as  is 
so  frequently  the  case,  the  stomach  is  maintained  in  a  full  condition 
throughout  the  entire  day.  This  favors  the  tendency  of  the  stomach  to 
relaxation  and  dilation.  According  to  our  experience,  we  are  convinced 
that  gastric  dilation  in  chlorosis  is  partly  due  to  the  ingestion  of  un- 
reasonably large  quantities  of  milk. 

There  is  scarcely  ever  any  objection  to  be  raised  to  the  ingestion  of 
smaller  quantities  of  milk  (about  ^— |  L.  =  1.056-1.584  pt.).  Milk 
should  be  chosen  as  an  actual  nutritive  factor  only  when  hyperesthesia 
of  the  stomach  gives  rise  to  disturbances  upon  the  ingestion  of  solid 
food  or  when  lean  patients  are  to  be  fattened.  In  both  cases  it  is  better 
to  replace  the  milk  by  a  mixture  of  milk  and  sweet  cream  (Stiive^^^). 
If  equal  parts  of  milk  and  good  cream  are  taken,  1  L.  of  the  mixture  has 
a  nutritive  value  of  about  1300  calories — i.  e.,  the  nutritive  value  corre- 
sponds to  that  of  2,L.  of  good  milk.  The  amount  of  fluid,  however,  is 
only  half  as  great,  and  the  appetite  and  the  muscular  strength  of  the 
stomach  are  spared.  The  high  percentage  of  fat  is  never  injurious,  as 
we  can  state  from  an  extended  experience ;  we  have  employed  the 
mixture  of  milk  and  cream  not  only  in  the  secondary  gastric  disturb- 
ances of  chlorosis,  but  also  when  the  case  has  been  complicated  by  the 
presence  of  gastric  ulcer. 

Alcohol  in  Chlorosis. — It  is  more  than  doubtful  whether  alcohol 
has  a  stimulating  effect  upon  hematopoiesis.  Such  an  opinion,  however, 
is  very  widespread ;  this  power  is  particularly  attributed  to  red  wine, 
since  the  public,  in  a  most  superficial  and  ridiculous  manner,  believes 
that  its  red  color  holds  some  relation  to  the  red  color  of  the  blood. 
Nevertheless,  alcohol  is  largely  in  evidence  in  the  diet  of  chlorotics, 
particularly  in  well-to-do  families.  Alcohol  has  a  comforting  influ- 
ence ;  it  is  quickly  absorbed  and  counteracts  momentary  sensations  of 
weakness.  It  consequently  happens  that  many  chlorotics  frequently 
take  a  small  quantity  of  strong  wine  at  intervals  throughout  the  day, 
particularly  in  the  morning,  when  they  feel  most  miserable.  The  small 
amounts  are  increased,  and  sometimes  a  considerable  quantity  is  in- 
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gested.  The  same  result  could  have  been  attained  in  a  perfectly  harm- 
less manner  by  a  sensible  arrangement  of  the  meals  and  by  the  eating 
of  a  liberal  amount  of  albumin  at  breakfast  (see  p.  506).  In  chlorosis 
alcohol  can  usually  be  dispensed  with  as  an  actual  stimulant.  How- 
ever, alcohol  can  be  very  advantageously  employed  as  an  aid  to  the 
formation  of  fat  in  lean  chlorotics  ;  it  favors  the  laying  on  of  adipose 
tissue  to  such  an  extent  that  it  is  immaterial  whether  the  individual 
eats  7  gm.  (128  gr.)  of  fat,  or  drinks  9.3  gm.  (149  gr.)  of  alcohol. 
Moreover,  alcohol  is  better  adapted  to  stimulate  the  appetite  and  to 
increase  the  ability  to  digest  fats  than  is  any  other  medicine.  Upon 
the  whole,  alcohol  is  consequently  to  be  more  frequently  recommended 
in  lean  than  in  corpulent  chlorotics.  The  amount  is  always  to  be 
accurately  designated. 

Fresh  Vegetables  in  Chlorosis. — We  have  already  pointed 
out  that  a  lack  of  fresh  vegetables  can  aid  in  the  development  of  chlo- 
rosis (see  p.  480).  The  quantity  of  vegetables  seems  to  us  to  be  even 
more  curtailed  in  the  diet  of  chlorotics  than  it  is  in  the  diet  of  healthy 
children  and  of  growing  young  girls.  We  have  seen  a  large  number 
of  chlorotics,  particularly  from  the  western  part  of  Germany,  from 
France,  and  from  North  America,  whose  physicians  have  strongly  for- 
bidden them  to  eat  green  vegetables  (probably  with  the  exception  of 
spinach  and  of  carrots),  stewed  fruit,  and  particularly  fresh  fruit.  The 
reason  for  such  a  prohibition  is  that  the  nutritive  values  of  vegetables 
and  fruits  are  supposed  to  be  so  insignificant  that  the  appetite  should 
rather  be  directed  to  more  nutritious  foods ;  it  may  also  be  due  to  the 
idea  that  vegetables  and  fruits  are  harmful  to  the  sensitive  stomachs  of 
chlorotics  and  interfere  with  the  administration  of  iron.  We  must  de- 
cidedly contradict  any  such  objections. 

The  nutritive  value  of  the  green  vegetables  is  indeed  small  when 
expressed  in  calories  ;  they  may  be  made  exceedingly  nutritious,  how- 
ever, by  proper  preparation  with  cream  and  butter.  The  nutritive 
value,  moreover,  is  not  to  be  considered  only  from  the  caloric  stand- 
point. In  addition  to  the  material  which  is  capable  of  oxidation,  vege- 
tables and  fruits  also  contain  many  other  substances  which  are  useful 
:and  indispensable  to  the  body — the  so-called  nutritive  salts  or  other 
equally  imjiortant  combinations  of  iron  (see  p.  480).  AVe  have  never 
observed  that  vegetables  and  fruits  decrease  the  cajiacity  for  the  in- 
gestion of  other  nutritive  substances  ;  on  the  contrary,  the  great  variety 
which  is  offered  makes  it  possible  to  increase  the  total  supply  of  food. 

Too  much  stress  is  laid  upon  the  detrimental  effect  of  vegetables 
.upon  the  stomach.     Without  doubt  vegetables  are  to  be  excluded  if  the 
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chlorosis  is  complicated  by  the  presence  of  a  gastric  ulcer.  In  all  other 
gastric  disturbances,  whether  they  are  in  the  form  of  hyperesthesia,  car- 
dialgia,  anorexia,  or  flatulence,  whether  marked  symptoms  of  gastric 
atony  are  present,  or  whether  the  stomach  secretes  too  much  or  too  little 
hydrochloric  acid,  neither  green  vegetables  nor  stewed  or  even  fresh 
fruit  are  contra-indicated.  The  pathologic  disturbances  are,  at  least, 
not  increased,  and  they  are  frequently  improved  as  soon  as  the  previously 
excluded  vegetables  are  added  to  the  diet ;  the  latter  would  be  capable 
of  little  variation  if  they  were  to  be  permanently  withheld. 

The  improvement  in  the  gastric  symptoms  and  the  disappearance  of 
the  constipation,  which  may  have  been  present,  are  often  surprisingly 
rapid  and  can  not  be  sufficiently  praised  by  the  patients.  It  is  true 
that  chlorosis  is  not  cured  in  this  manner,  but  much  has  been  gained 
if  troublesome  sequelae  have  been  prevented.  The  advice  to  prescribe 
the  more  frequent  use  of  vegetables  and  of  fruits  in  chlorosis  should  be 
taken  earnestly  to  heart,  or  it  will  frequently  happen  that  a  medical  or 
clerical  cham])ion  of  vegetarianism  will  take  the  case  from  the  family 
physician  and  obtain  a  better  result. 

An  appropriate  arrangement  of  the  vegetables  is  as  follows  :  A  gen- 
erous quantity  of  green  vegetables  is  given  at  the  midday  meal ;  accord- 
ing to  the  requirements  of  the  individual  case,  these  may  be  prepared 
with  much  or  little  butter ;  according  to  the  condition  of  the  stomach, 
they  may  be  cut  up  into  small  pieces  or  served  in  the  ordinary  form. 
A  considerable  quantity  of  fruit  may  be  eaten  at  4.30  p.  m.  as  a  second 
luncheon.  That  fruit  is  to  be  employed  which  is  in  season  ;  fruits  with 
small  seeds,  however,  should  be  avoided  if  the  stomach  is  sensitive. 
In  winter  the  dried  fruits  are  to  be  recommended ;  they  may  now  be 
bought  almost  anywhere,  and  if  they  are  of  the  best  quality  and  skil- 
fully prepared  they  are  scarcely  to  be  differentiated  from  stewed  fresh 
fruits.  Fruit  preserved  with  sugar  is  much  less  worthy  of  recommen- 
dation. Whether  fresh  or  stewed  fruit  is  selected  will  depend  upon  the 
circumstances  of  the  individual  case  ;  stewed  fruit  is  better  borne  by  the 
stomach,  since  it  is  rapidly  converted  into  a  homogeneous  mass,  while 
fresh  fruit  is  taken  into  the  stomach  in  large  pieces  and  causes  a  more 
marked  meclianical  irritation. 

Bill  of  Fare. — If  we  have  to  do  with  an  average  case,  in  which 
there  is  no  special  indication  for  the  accumulation  of  fat  or  for  sparing 
the  stomach,  the  dietary  may  be  arranged  somewhat  as  follows  : 

Breahfast. — An  abundance  of  meat.  For  the  composition  of  the 
breakfast,  see  p.  507. 

After  breakfast  the  chlorotic  should  rest  a  short  time,  about  a  half- 
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hour  or  an  hour,  either  in  bed  or  upon  a  sofa ;  we  very  much  dislike  to 
dispense  with  this  rule,  and  only  do  so  when  external  conditions  make 
its  observance  impossible.  During  this  time  many  chlorotics  fall  asleep, 
and  this  should  be  encouraged  by  darkening  the  room  and  by  avoiding 
disturbing  noises. 

For  the  first  luncheon,  which  must  be  small  in  quantity,  we  are 
governed  by  the  needs  of  the  individual  case,  choosing  one  or  two  eggs 
(prepared  as  desired),  some  toast  or  zwieback  with  butter,  and  ^  L. 
(I  pt.)  of  milk  or  of  milk  and  cream  (see  p.  507).  If  the  case  requires 
it  a  dessertspoonful  of  cognac  or  of  "  Kirschwasser "  (best  given  in 
the  milk),  or  a  very  small  glass  of  sherry  or  of  Madeira  may  be 
allowed. 

Dinner. — Whatever  the  patient  may  do  between  breakfast  and  din- 
ner, we  must  always  take  care  that  she  either  sits  or  lies  quietly  at  home 
for  at  least  twenty  or  thirty  minutes  before  eating.  If  she  comes  home 
just  before  dinner,  tired  out  by  her  work,  irritated  by  the  cares  of  the 
city,  or  heated  from  a  walk,  the  ingestion  of  food  favors  the  appearance 
of  gastric  disturbances. 

At  dinner  the  chief  weight  should  be  laid  upon  the  eating  of  an 
abundant  amount  of  meat  and  fresh  vegetables.  The  chlorotic  should 
be  allowed  to  choose  from  the  remaining  food  upon  the  table,  according 
to  her  appetite.  If  there  is  little  desire  to  eat,  it  may  be  necessary  to 
forbid  soup  or  to  have  it  follow  the  meat  course.  There  is  usually  con- 
siderable thirst,  since  according  to  our  regime  but  little  fluid  is  taken 
during  the  morning.  The  patient  should  satisfy  this  thirst  only  toward 
the  end  of  the  meal,  since  otherwise  the  nutritive  supply  will  suffer. 
Water  may  be  drunk,  or,  when  prescribed  by  the  physician,  water  with 
wine. 

This  meal  is  likewise  to  be  followed  by  rest  in  the  recumbent  posi- 
tion for  from  three-quarters  to  one-and-a-half  hours.  If  gastric  dis- 
turbances are  present  this  time  may  be  utilized  for  the  purpose  of  applying 
warm  applications  to  the  abdomen  (dry  heat  or  cataplasms). 

The  second  luncheon  consists  either  of  plenty  of  stewed  or  fresh  fruit 
with  wheat  bread,  zwieback,  or  sirajile  tea-biscuit,  or,  if  fruit  is  to  be 
avoided,  the  patient  may  have  a  small  cup  of  tea  or  cocoa  with  wheat 
bread,  toast,  zwieback,  simple  tea-biscuit  and  butter.  If  there  is  no 
tendency  to  the  excessive  formation  of  acids  by  the  stomach,  honey  and 
jelly  may  also  be  permitted.  This  small  meal  may  be  followed  by  ^ 
L.  (1  pt.)  of  milk  or  of  a  mixture  of  milk  and  cream. 

The  supper  should  be  as  simple  and  unirritating  as  possible.  At 
least  four  times  a  week  the  main  dish  should  be  a  thick  soup  or  broth 
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made  from  oats,  barley,  grits,  rice,  tapioca,  or  buckwheat ;  this  should 
sometimes  be  prepared  with  bouillon  and  butter  and  sometimes  with 
milk  and  butter.  These  may  be  occasionally  replaced  by  other  farin- 
aceous foods  or  puddings ;  stewed  fruit  may  be  given  several  times 
weekly.  If  these  articles  are  not  sufficient  to  satisfy  the  appetite,  the 
patient  may  eat  bread  and  butter,  fresh  cheese,  cold  meat,  or  some  other 
trifle.  On  the  other  days  the  main  dish  may  be  eggs  or  articles  con- 
taining them,  or  even  meat  or  fish.  If  the  amount  of  food  ingested  in 
the  evening  is  unsatisfactory,  it  may  be  complemented  by  from  0.3  to 
0.5  L.  (i— 1  pt.)  of  milk,  or  of  kefir,  which  is  to  be  taken  immediately 
before  retiring.  If  the  milk  is  omitted,  a  half-bottle  of  well-fermented 
beer  is  to  be  recommended  after  supper. 

The  chlorotic  should  retire  at  10.30  p.m.,  at  the  latest.  The  pro- 
longation of  the  day  into  the  late  hours  of  the  night  is  injurious  for  all 
forms  of  anemia. 

These  suggestions  as  to  the  daily  program  and  as  to  the  quality  of 
the  food  will  usually  be  sufficient.  Whether  the  amounts  of  the  indi- 
vidual foods  and  drinks  are  to  be  specified  will  depend  upon  the  effect 
of  the  diet  upon  the  nutritive  condition  of  the  patient ;  all  that  is 
usually  necessary  is  to  prescribe  the  quantities  of  the  articles  eaten  at 
breakfast  and  to  limit  the  amount  of  milk,  as  we  have  indicated  in  the 
preceding  scheme.  Unless  we  are  forced  to  do  so,  it  is  not  advisable  to 
pursue  this-  subject  further  and  to  weigh  practically  every  mouthful 
ingested  by  the  patient.  This  only  makes  the  patient  appreciate  her 
illness  all  the  more  acutely,  and  such  a  possibility  is  always  to  be 
avoided.  If,  liowever,  the  weight  of  the  patient  shows  that  she  eats 
too  much  or  too  little  when  left  to  herself,  the  exact  measurement  of 
the  amount  of  food  to  be  ingested  should  not  be  long  neglected. 

It  is  not  always  possible  to  carry  out  these  measures  accurately, 
because  many  chlorotics  are  not  in  such  a  position  that  they  can  live 
altogether  for  the  benefit  of  their  health  throughout  the  entire  course 
of  the  treatment.  The  course  which  has  been  outlined  is  to  be  regarded 
as  the  ideal  dietetic  treatment  which  is  to  be  adopted  to  support  the 
administration  of  the  iron.  If  ideal  conditions  can  not  be  attained, 
the  principal  important  points  must  be  borne  in  mind.  These  points 
are:  1.  The  manner  of  the  distribution  of  the  diet.  2.  A  large  supply 
of  albumins  in  general.  3.  A  generous  supply  of  albumins  in  the 
morning  hours  in  jiarticular. 

Without  considering  tlie  actual  complications  of  chlorosis,  it  may  be 
necessary  to  vary  the  diet  on  account  of  unusual  emaciation,  a  tendency 
to  obesity,  or  pronounced  gastric  disturbance.      In  all  of  these  cases  it 
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is  usually  necessary  to  give  very  exact  quantitative  directions  in  refer- 
ence to  food  and  drink.  We  will  not  attempt  to  give  a  list  of  diets, 
because  successful  results  are  attained  only  by  the  strictest  attention  to 
the  details  of  the  individual  case.  Some  general  observations  are,  how- 
ever, necessary. 

The  Diet  for  Unustial  Btnaciation. — Anorexia  or  gastric 
disturbances  are  almost  always  present ;  if  this  were  not  the  case,  ema- 
ciation would  scarcely  have  made  its  appearance.  It  frequently  suffices 
to  place  the  patient  under  the  influence  of  new  surroundings  and  of  a 
diet  rich  in  variety ;  they  then  eat  more  of  their  own  accord  and  soon 
gain  in  weight.  This  peculiarity  is  very  frequently  observed  in  patients 
who  are  in  a  bad  state  of  nutrition  when  they  enter  the  hospital ;  the 
ordinary  hospital  diet  requires  but  few  additions'  to  cause  an  increase 
of  several  pounds  in  the  body  weight  within  two  or  three  weeks  (see 
p.  442).  Many  other  cases  are  not  improved  by  such  simple  measures  ; 
they  require  a  systematic  course  of  feeding.  These  cases  require  those 
foods  which  do  not  overload  the  stomach  ;  they  must  contain  a  high 
nutritive  value  in  a  small  volume.  This  is  best  attained  by  increasing 
the  easily  digested  fats  (cream,  butter,  oil  of  sesame,  cod-liver  oil). 
The  supply  of  albumin  need  not  necessarily  be  increased  above  the 
ordinary  daily  amount  of  100  to  110  gm.  (3J-3f  oz.).  The  carbohy- 
drates and  vegetables  should  be  prepared  with  as  much  fat  as  possible. 
We  do  not  consider  it  advisable  to  give  the  carbohydrates  a  prominent 
place  in  the  dietary  ;  they  are  simply  to  be  utilized  as  accessories.  The 
number  of  the  meals  must  frequently  be  increased ;  this  is  best  accom- 
plished by  giving  milk  early  in  the  morning,  before  rising  (about  an  hour 
before  breakfast),  and  late  in  the  evening,  before  retiring.  The  use  of 
alcohol  is  important. 

The  Diet  to  be  Employed  When  There  is  a  Tendency  to 
Obesity  and  Retention  of  Water  in  the  Tissues. — During  the 
existence  of  the  chlorosis  it  is  not  advisable  to  attempt  actually  to  reduce 
the  fat ;  obesity  treatment  always  require  the  greatest  caution  when 
employed  in  youthful  individuals.  It  is  much  better  to  wait  until  the 
chlorosis  has  been  cured  l)efore  an  attempt  is  made  to  reduce  the  obesity. 
In  the  meantime  care  should  l)e  taken  that  the  diet  does  not  cause  a 
further  accumulation  of  fat.  This  is  to  be  accomplished  only  by  a  most 
careful  study  of  the  previous  diet.  It  will  usually  be  found  that  the 
diet  was  altogether  too  rich  (frequently  as  the  result  of  unreasonably 
large  quantities  of  milk).  Only  the  excess  should  be  cut  down  ;  if 
the  diet  is  so  arranged  that  it  furnishes  about  30  to  34  calories  to  the 
kg.  (2.2  lb.)  of  body-weight,   the  excessive  loss  of  fat  in  young  girls 
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will  be  just  as  surely  avoided  as  will  any  considerable  accumulation 
of  adipose  tissue. 

In  those  chlorotics  who  have  a  tendency  toward  obesity,  however, 
there  is  also  another  very  important  point  to  be  considered.  In  almost 
all  anemic  persons,  and  particularly  in  chlorotics,  the  increased  amount 
of  fat  is  associated  with  an  abnormal  accumulation  of  water  in  the 
tissues  (see  pp.  402,  455).  In  spite  of  perfect  functional  activity  of  the 
kidneys,  the  patients  have  a  puffy  appearance  and  tend  to  have  edemas. 
The  tissues  are  rich  in  water  not  because  of  renal  insufficiency,  but 
because  the  water  is  retained  in  the  blood,  and  particularly  in  the  tis- 
sues. It  is  true  that  chemic  examinations  of  the  tissues  have  not 
been  made,  but  the  results  attained  by  limiting  the  amount  of  water 
furnish  evidence  of  an  unmistakable  character.  These  patients  are 
usually  girls  who  have  been  drinking  large  quantities  of  milk  and  who 
have  excreted  a  correspondingly  large  amount  of  watery  urine  (see 
p.  508). 

In  such  cases  we  regard  it  as  one  of  the  most  important  therapeutic 
problems  to  remove  the  water  from  the  tissues.  The  excessive  amount 
of  water  in  the  tissues  is  an  obstacle  to  recovery  and  opposes  the  favor- 
able influence  of  the  iron  therapy.  After  the  removal  of  this  water 
we  have  frequently  seen  a  chlorosis  disappear  when  it  had  previously 
resisted  energetic  treatment  with  iron.  We  are  very  much  inclined 
to  place  the  good  results  obtained  by  sweating  (see  p.  502)  upon  a 
parallel  with  those  which  follow  a  diet  in  which  the  amount  of  water 
is  limited. 

The  weight  will  show  how  much  water  may  be  accumulated  in  the 
tissues  without  any  indication  of  actual  edema.  If  the  amount  of  water 
taken  by  these  corpulent  and  puffy-looking  chlorotics  is  limited  to  about 
1200  c.c.=  1.267  qt.  (not  including  the  water  in  the  solid  foods),  the 
body-weight  rapidly  falls  ;  the  amount  of  urine  remains  large  or  is 
even  increased,  as  is  the  case  in  the  "  dry  treatment "  described  by 
Oertel  for  edematous  heart  cases.  The  loss  in  weight  is  due  entirely 
to  the  extraction  of  water  from  the  tissues,  since  the  amount  of  oxidiz- 
able  food  corresponds  to  the  demand,  thus  precluding  combustion  of 
any  of  the  fat.  The  losses  of  weight  which  we  have  observed  varied 
between  4  and  8  kg.  (8.8  and  17.6  lb.)  within  two  or  three  weeks. 
Although  these  cases  received  no  iron,  almost  all  the  disturbances  dis- 
appeared during  this  time ;  this  was  quite  marked  in  reference  to  the 
dyspnea,  palpitation,  and  sense  of  fatigue. 

The  Diet  for  Gastric  Disturbances. — If  gastric  disturbances 
are  present  the  dietetic  measures  must  be  changed  accordingly.     We 
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agree  with  v.  Niemeyer,  Immermanu,  and  others,  that  gastric  disturb- 
ances do  not  contra-indicate  the  administration  of  iron,  but  we  do  not 
go  so  far  in  such  cases  as  to  neglect  the  gastric  disturbances  and  to 
expect  to  cure  these  individuals  with  iron  alone.  We  have  become 
convinced  from  an  extensive  experience  that  the  nutritive  disturbances 
which  result  from  the  neglect  of  the  gastric  symptoms  work  against  the 
cure  of  the  chlorosis ;  and,  vice  versa,  the  recovery  is  greatly  aided  by 
adapting  the  diet  so  that  all  of  the  digestive  powers  may  be  utilized. 

The  subjective  symptoms  are  much  more  marked  in  chlorotics  than 
would  be  expected  from  the  objective  examination  of  the  stomach  and 
of  the  gastric  digestion.  Some  pathologic  processes  are  at  work  in  the 
stomach,  as  is  shown  by  the  frequent  hyperacidity,  the  rarer  subacidity, 
and  the  atony  which  may  amount  to  dilation. 

As  a  result  of  the  gastric  disturbances  there  is  a  diminution  of  the 
amount  of  food  ingested  and  some  emaciation  makes  its  appearance. 
The  therapeutic  points  to  be  observed  are  practically  those  which  have 
been  considered  under  the  dietetic  treatment  of  unusual  emaciation,  but 
owing  to  the  sensitiveness  of  the  stomach  to  overloading  the  distribution 
and  multiplication  of  the  meals  must  be  carried  .still  further.  We  have 
always  found  it  w^ell  to  feed  severe  cases  regularly  at  two-hour  inter- 
vals, so  that  from  8  a.  m.  until  10  P.  M.  eight  small  meals  are  taken. 
In  saving  the  stomach,  it  seems  to  me  to  be  of  special  importance  to 
separate  the  solid  from  the  liquid  foods ;  in  accordance  with  this  prin- 
ciple, liquid  food  and  more  solid  nutriment  are  given  alternately.  The 
amount  of  the  liquid  should  never  exceed  ^  L.  (J  pt,),  and  the  inter- 
mediate solid  food  should  never  weigh  more  than  100  gm.  (3^  oz.).  In 
order  to  obtain  the  highest  nutritive  value  in  the  smallest  volume, 
cream  and  butter  are  to  be  used  as  generously  as  possible.  Many 
patients  who  had  been  previously  placed  upon  the  scantiest  diets  on 
account  of  violent  gastric  disturbances  received  in  this  manner  a  daily 
amount  of  about  150  gm.  (5  oz.)  of  fat ;  they  bore  it  very  well,  gained 
rapidly  in  weight,  and  lost  their  gastric  disturbances  in  a  short  time. 
We  have  frequently  pointed  out  that  the  easily  digested  fats  should  not 
be  banished  from  the  diet  of  patients  with  gastric  disturbances  ;  their 
exclusion  from  the  dietary  of  gastric  disturbances,  evidently  of  a  second- 
ary nature  (as  in  chlorosis),  is,  in  our  judgment,  a  grave  error  which 
most  seriously  endangers  the  nutrition  and  strength  of  the  patient. 

With  the  exception  of  iron,  medicinal  treatment  is  usually  super- 
fluous. Nevertheless,  it  can  not  be  denied  that  hydrochloric  acid 
(twenty  minutes  before  eating)  sometimes  increases  the  appetite  and 
facilitates  the  ingestion  of  food.     We  have  seen  this  result  of  hydro- 
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chloric  acid  even  in  patients  who  suiFered  from  hyperchlorhydria  during 
the  digestive  period  ;  hydrochloric  acid  after  meals  would  be  of  value 
only  if  the  secretion  of  hydrochloric  acid  was  diminished.  Extr. 
strychni  in  combination  with  extr.  bellad.^  is  more  frequently  of  value 
than  is  hydrochloric  acid.  The  first  of  these  is  one  of  the  best  remedies 
for  mild  degrees  of  atony  of  the  stomach,  and  the  latter  dulls  the  gastric 
hyperesthesia  to  a  much  greater,  and  to  a  much  less  harmful,  extent 
than  the  opiates.  They  are  both  given  in  solution  or  in  pills,  three  or 
four  times  daily,  before  eating.  Only  a  small  number  of  pills  should 
be  prescribed  at  one  time,  since  only  the  soft  and  freshly  prepared  pills 
are  to  be  employed. 

If  either  hyperchlorhydria  or  atony  is  present  the  stomach  may 
occasionally  be  washed  out,  but  brilliant  results  are  not  to  be  expected. 
This  measure  does  good  only  when  the  food  is  retained  in  the  stomach 
for  an  unusually  long  time.  The  best  time  for  lavage  is  about  7  P.  M, ; 
at  8  P.  M.  the  patient  should  receive  a  small  quantity  of  broth,  and  at 
10  P.  M.  \  L.  {h  pt.)  of  milk  and  cream. 

The  Treatment  of  Constipation. — If  at  all  possible,  special 
treatment  of  the  constipation  is  to  be  avoided.  A  sensible  diet  and 
mode  of  life  corresponding  to  the  demands  of  the  individual  case  will 
usually  suffice  to  regulate  the  condition  of  the  bowels.  A  generous 
quantity  of  vegetables  and  fruits  has  a  particular  influence  in  this  direc- 
tion (see  p.  509).  If  so  much  harm  has  been  done  by  an  inappropriate 
diet  in  the  past  that  the  constipation  persists  in  spite  of  a  new  dietary, 
the  milder  laxatives  may  be  employed.  Those  substances  are  best 
which  may  be  taken  in  the  evening  and  which  cause  a  movement  of  the 
bowels  upon  the  following  morning  (tamarinds,  laxative  teas,  Curella's 
Brustpulver,  Hufeland's  powder  for  children,  rhubarb  powder  combined 
with  an  alkali).  In  practice  enemata  are  usually  the  first  remedies 
employed,  because  they  are  supposed  to  be  the  least  harmful  means  for 
facilitating  the  action  of  the  bowels.  It  is  impossible  to  determine  how 
this  opinion  ever  originated  ;  but  it  is  wholly  incorrect,  and  the  oppo- 
site is  true.  If  the  habitual  constipation  of  chlorotics  is  treated  with 
enemata  the  malady  will  be  made  worse  than  ever. 

The  treatment  of  the  constipation,  however,  must  not  degenerate 
into  an  actual  laxative  treatment  of  the  chlorosis.  There  has  been  no 
lack  of  opinions  favoring  such  a  course.  These  opinions  are  based 
upon  the  theory  that  chlorosis  is  dependent  upon  intestinal  decom- 
position (see  p.  419).  The  same  idea  has  caused  other  writers  to  lay 
the  greatest  emphasis  upon  the  "  disinfection  of  the  intestine " — the 
'  According  to  the  German  Pharmacopeia. 
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labor  of  a  Sisyphus  !  Creosote,  naphthalin,  /?-naphthol,  tbioform,  and 
many  otber  substances  have  consequently  been  added  to  the  list  of 
antichlorotic  remedies  (A.  Pick,-^^  Ch.  W.  Townsend  ^'^).  These  reme- 
dies are  temporarily  employed  in  certain  localities,  but  they  have  never 
acquired  any  importance  outside  the  practices  of  individual  therapeutists. 

PHYSICAL  EXERCISE. 

It  is  impossible  to  give  general  rules  as  to  the  amount  of  physical 
exercise  which  should  be  required  of  chlorotics.  In  the  past  the  general 
tendency  has  been  to  cause  these  patients  to  exert  themselves  as  much 
as  possible,  and  sufficient  physical  exercise,  particularly  in  the  open  air, 
was  advised  as  an  important  accessory  measure  to  stimulate  hematopoi- 
esis  and  cure  the  chlorosis.  Recently,  on  the  contrary,  much  stress  has 
been  placed  upon  saving  the  strength  as  much  as  possible.  Hayem,^^ 
Nothnagel,""  M.  Mendelsohn,"''^  Albu,'""^  and  the  more  recent  works 
upon  practice  have  even  pointed  out  the  advantage  of  long-continued 
rest  in  bed. 

In  the  decision  of  this  question  it  is  of  the  utmost  importance  that 
we  should  not  be  influenced  by  the  temporary  popular  opinion.  The 
proper  solution  is  to  be  found  only  in  the  study  of  the  individual 
case. 

In  severe  and  moderately  severe  cases  it  is  always  well  to  commence 
the  treatment  with  absolute  rest  in  bed.  The  patients  often  object 
strenuously  to  this,  but  in  a  short  time  the  rest  is  regarded  as  a 
great  benefit.  Many  chlorotics  are  annoyed  by  the  constant  struggle 
between  their  desires  and  their  physical  inability  to  gratify  them  ;  the 
rest  in  bed  ends  or  diminishes  this  combat.  The  frame  of  mind  is 
improved,  serious  disturbances  soon  disappear,  self-confidence  and  con- 
fidence in  the  treatment  returns,  and  the  observance  of  the  dietetic  and 
medicinal  measures  is  facilitated.  Rest  in  bed  is  to  be  particularly  in- 
sisted upon  if  serious  complications  are  present.  It  is  self-evident  that 
patients  with  thrombosis,  gastric  ulcer,  cardiac  dilation  and  weakness, 
or  frequent  and  long-continued  attacks  of  amaurosis  belong  in  bed ;  a 
tendency  to  edema  of  the  feet  and  to  frequent  attacks  of  dizziness  and 
unconsciousness  require  the  same  prescription.  The  result  obtained 
must  determine  the  duration  of  the  rest  in  bod.  We  would  not  recom- 
mend that  a  chlorotic  should  be  kept  in  bed  any  longer  than  is  abso- 
lutely necessary.  In  ordinary  cases,  which  demand  absolute  rest  on 
account  of  the  severity  of  the  disease  in  general  and  not  on  account  of 
existing  complications,  two  or  three  weeks  will  usually  suffice ;  in  rare 
instances  four  or  five  weeks  or  even  a  longer  period  of  time  may  be 
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necessary.     The  transition  from  absolute  rest  to  active  exercise  should 
be  gradual. 

In  the  milder  cases,  which  constitute  the  majority,  and  in  convales- 
cence from  severe  chlorosis,  the  patients  should  rest  at  least  several 
hours  every  day.  We  do  not  mean  by  this  that  the  patient  is  to  pro- 
long the  night  into  the  day  and  to  remain  in  bed  until  late  in  the  morn- 
ing. This  result  is  to  be  better  attained  as  follows  :  while  the  patient 
is  still  in  bed  between  7  and  8  A.  M.,  according  to  the  season  of  the 
year  and  the  custom  of  the  house,  she  is  to  be  given  a  glass  of  milk 
(300-400  c.c.  =  9^-1 2  J  oz.).  A  half-hour  later  the  patient  rises,  dresses 
herself,  and  takes  breakfast  with  the  family  (for  the  composition  of  the 
breakfast,  see  p.  510).  After  breakfast  the  patient  again  lies  down, 
either  in  bed  or  upon  a  comfortable  sofa  ;  experience  shows  that  many 
patients  fall  asleep  during  this  period,  which  should  be  of  about  an 
hour's  duration.  A  second  rest  is  to  be  prescribed  for  the  hour  follow- 
ing the  dinner.  In  the  evening  the  patient  should  retire  two  hours  after 
supper,  and  never  later  than  10  P.  M.  This  division  of  the  day  is  to 
be  recommended  wherever  the  saving  of  the  patient's  strength  is  indi- 
cated ;  it  should  also  be  rigidly  observed  at  the  chalybeate  baths. 

Numerous  cases  of  chlorosis  recover  without  any  such  saving  of 
the  patients.  Everyone  knows  this,  but  the  fact  should  not  be  employed 
as  an  argument  against  such  measures.  It  is  important  that  the  physi- 
cian should  bear  those  measures  in  mind  which  produce  the  most  rapid 
and  certain  recoveries.  Unfortunately,  circumstances  prevent  us  from 
always  carrying  out  that  which  we  look  upon  as  desirable,  and  conces- 
sions must  frequently  be  made,  particularly  in  reference  to  the  subject 
under  discussion.  We  should,  however,  not  fail  to  recognize  that  the 
cure  of  the  chlorosis  is  delayed  if  the  strength  of  the  patient  is  not 
saved  and  if  she  is  allowed  to  wander  about  at  her  own  pleasure.  The 
truth  of  this  statement  is  definitely  proved  by  the  numerous  chlorotic 
girls  who  are  admitted  to  the  public  hospitals.  A  few  days  in  bed  are 
sufficient  to  ameliorate  the  entire  condition  and  to  cause  the  disappear- 
ance of  the  headache,  dizziness,  attacks  of  unconsciousness,  nausea,  and 
loss  of  appetite. 

As  soon  as  the  chlorotics  regain  their  strength,  muscular  exercise  in 
the  open  air  may  be  prescribed  for  the  milder  cases.  This  should  not 
be  carried  to  excess,  or  the  entire  success  of  the  treatment  will  be  jeop- 
ardized. From  a  general  hygienic  standpoint  it  is  a  most  excellent  thing 
that  the  young  women  of  to-day  are  more  inclined  to  sports  and  to  out- 
door exercises  than  were  the  members  of  the  ])receding  generation. 
This  free  exercise  of  muscular  power  is  to  be  permitted  only  in  per- 
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feet  health  ;  in  the  case  of  the  chlorotics,  who  need  their  strength,  the 
amount  of  muscular  exertion  must  be  just  as  definitely  prescribed  by 
the  physician  as  are  the  hours  of  rest. 

HYDROTHERAPEUTICS. 

The  tendency  of  the  times  is  toward  the  extensive  employment  of 
hydrotherapeutic  measures.  Although  this  movement  does  not  always 
originate  from  professional  sources,  the  physician  should  also  make  use 
of  these  measures  in  the  treatment  of  chlorosis.  Much  to  the  detri- 
ment of  the  patient  they  are  too  infrequently  employed  ;  and  the  danger 
is  imminent  that,  because  of  this,  the  lay  public  will  come  to  place 
hydrotherapeutics  in  a  certain  contrast  to  scientific  medicine,  whereas  it 
is  only  one  of  its  useful  adjuncts.  The  careful  study  and  appreciation 
of  hydrotherapeutics  by  the  practical  physician  would  surely  save  many 
patients,  and  no  small  number  of  chlorotics,  from  the  extreme  and  harm- 
ful procedures  to  which  the  physicians  and  laymen  who  practise  hydro- 
therapy, with  some  brilliant  exceptions,  are  only  too  easily  inclined. 

Cold  Baths  and  Douches. — In  chlorosis  all  hydrotherapeutic 
measures  which  extract  heat  from  the  body  should  be  avoided.  This 
group  includes  tub  baths  at  a  temperature  lower  than  32°  C.  (89.6° 
F.),  and  with  certain  exceptions,  also  river-  and  sea-bathing.  In  the 
milder  cases  river-bathing  (swimming)  may  be  allowed  in  midsummer 
if  the  water  attains  a  temperature  of  22°  C.  (71.6°  F.),  and  if  the  air 
is  warm  at  the  same  time.  For  sea-bathing  the  water  should  have  a 
temperature  of  a  least  20°  C.  (68°  F.),  and  the  air  should  also  be 
warm.  Neither  the  river  nor  the  sea  baths  should  be  of  more  than  a 
few  minutes  duration.  The  bath  is  to  be  followed  by  a  vigorous  rub- 
bing of  the  skin.  Chlorotics  are  very  sensitive  to  cold  baths  ;  they  are 
frequently  chilled  for  a  long  time  after  the  bath  and  lose  appetite  and 
sleep.  We  can  do  no  more  than  to  add  our  warning  ""^  against  cold 
baths  to  those  of  Muroi  ^^  and  of  O.  Rosenbach.^ 

All  forms  of  hydrotherapy  which  produce  a  marked  shock  are  to  be 
avoided  in  chlorosis.  Such  are  the  cold  douches  and  many  varieties  of 
friction  with  cold  water.  They  increase  the  nervous  excitability  of  the 
patient. 

The  following;  treatment  is  to  be  rocommonded  : 

Cold  Rubbings  in  a  Modified  Form. — The  best  time  to  be 
selected  is  just  after  the  patient  has  drunk  her  milk  and  while  she  is 
still  in  bed.  Tlie  back  is  to  be  rubbed  several  times  witli  a  wet  rough 
towel  (temperature  about  20°  C.  =  68°  F.),  and  tliis  is  to  be  followed 
by  brisk  friction  with  a  rough  cloth  until  the  skin  is  dry,  warm,  and 
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red.  More  importance  attaches  to  the  subsequent  friction  and  reaction 
of  the  skin  than  to  the  preceding  moist  rubbing.  After  the  patient 
lies  down  tlie  arm  and  the  corresponding  side  of  the  breast  are  to  be 
treated  in  a  similar  manner,  and  the  procedure  is  to  be  continued  by 
degrees  until  the  entire  body  has  been  bathed.  Only  one  portion  of 
the  body  is  bare  at  one  time,  and  it  is  again  covered  as  soon  as  the  rub- 
bing has  been  completed.  After  the  entire  body  has  been  gone  over  in 
this  manner  the  patient  is  to  remain  in  bed  for  a  short  time. 

Friction  carried  out  in  this  manner  is  one  of  the  best  means  of  im- 
proving the  peripheral  circulation.  Tlie  favorable  influence  upon  the 
sensitiveness  to  cold,  and  upon  the  rapidly  changing  sensations  of 
heat  and  chilliness,  are  unmistakable ;  the  tendency  to  headache,  palpi- 
tation, and  pains  in  the  limbs  are  also  combated. 

These  frictions  may  l^e  carried  out  in  all  cases  of  chlorosis,  being 
well  borne  in  the  severe  forms.  They  are  not  necessarily  to  be  neglected 
at  bathing  resorts,  where  the  patients  take  the  mineral  baths  several 
times  a  week  ;  they  may  at  least  be  taken  on  those  days  when  the  full 
baths  are  omitted.  During  menstruation,  or  at  least  during  the  first 
two  days,  the  frictions  should  not  be  given. 

Warm  full  baths  may  be  jirescribed  upon  two  days  in  the  week, 
provided  that  they  can  be  taken  at  home.  The  temperature  should  be 
34°  C.  =  93.2°  F.,  and  the  duration  ten  minutes.  The  best  time  for 
this  bath  is  between  5  and  6  p.  m.  After  the  bath  the  patient  should 
go  to  bed  and  remain  there  until  supper  time.  Certain  substances  may 
be  added  to  the  bath  water  which  have  a  slightly  stimulating  action 
upon  the  skin  (sea-salt,  lye,  extract  of  pine-nvedles).  If  domestic  con- 
ditions do  not  allow  of  the  bath  being  taken  at  home,  it  is  best  omitted 
in  cases  of  moderate  severity  ;  if  the  patient  can  not  rest  in  bed  after 
the  bath,  it  is  followed  by  mild  depression  and  relaxation  lasting  several 
hours  instead  of  the  expected  refreshing  stimulation. 

Mineral  Baths. — By  mineral  baths  is  meant  the  baths  in  which 
free  carbonic  acid  is  given  off  in  bubbles.  This  property  is  possessed 
by  all  of  the  carbonated  chalybeate  springs  (Schw^albach,  Rippoldsau, 
Pyrmont,  Driborg,  St.  Moriz,  etc.),  and  by  numerous  brine  baths 
(Soden  I.  Th.,  J^auheim,  Homburg,  Kissingen,  Marienquelle  in  Mari- 
enbad,  Tarasp,  and  many  others).  Carbonated  baths  have  also  been 
artificially  prepared,  but  in  spite  of  great  advances  in  the  technic  they 
have  not  attained  the  completeness  of  the  natural  carbonated  springs. 

The  virtue  of  all  of  the  carbonated  sjH'ings  used  for  bathing  pur- 
poses depends  entirely  upon  the  contained  carbonic  acid,  and  it  does  not 
matter  whether  the  other  substance  in   the   water  is   iron  or  sodium 
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chlonVl.  If  the  baths  alone  are  to  be  considered,  we  might  just  as  well 
send  our  chlorotics  to  Soden  and  Nauheim  as  to  Schwalbach  and  Rip- 
poldsau  (Hughes/*"  E.  Hirsch  ^*').  As  has  been  previously  pointed  out, 
however,  it  is  of  at  least  as  much  importance  that  the  patient  should 
drink  the  fresh  water  of  the  chalybeate  spring  (see  p.  495). 

It  is  not  necessary  to  dwell  upon  the  importance  of  carbonated 
baths,  since  the  most  important  facts  have  been  previously  stated.  On 
account  of  their  excellent  eifect  upon  the  general  condition  they  are  among 
the  most  useful  remedies  for  the  treatment  of  chlorosis.  They  possess 
the  property  of  stimulating  the  nervous  system,  without  subsequent 
relaxation,  to  a  much  more  marked  degree  than  do  the  ordinary  full 
baths  or  the  non-carbonated  brine  baths,  and,  vice  versa,  they  are  able 
to  quiet  any  excessive  irritability. 

The  employment  of  carbonated  baths  is  indicated  in  almost  every 
case  of  chlorosis  in  which  the  strength  will  permit  of  the  use  of  baths 
in  general.  Caution  must  be  exercised  in  severe  cases,  since  the  patients 
not  infrequently  are  attacked  in  the  bath  by  dyspnea,  palpitation,  and 
even  by  dizziness.  This  is  due  to  the  fact  that  the  air  over  the  water 
contains  a  large  amount  of  carbonic  acid.  This  has  no  deleterious 
effect  upon  healthy  individuals,  but  chlorotics,  who  have  difficulty  in 
obtaining  sufficient  oxygen  for  their  tissues  on  account  of  the  diminished 
quantity  of  hemoglobin  in  their  blood,  suffer  from  the  high  percentage 
of  carbonic  acid  in  the  inspired  air.  They  are  not  only  in  danger  of 
becoming  unconscious — a  circumstance  of  rare  occurrence — but  for 
several  hours  after  the  bath  they  remain  in  a  condition  of  anxious  excite- 
ment. In  these  bathing  resorts  this  is  largely  to  be  avoided  by  cover- 
ing the  tubs  and  by  securing  good  ventilation  of  the  bath  rooms.  In 
many  places,  however,  the  technical  appointments  leave  so  much  to  be 
desired  that  patients  with  only  mild  degrees  of  chlorosis  can  not  take 
the  carbonated  mineral  baths  without  suffering  from  some  of  these 
annoying  symptoms.  These  conditions  are  to  be  regretted  in  proportion 
to  the  strength  of  our  conviction  of  the  efficacy  of  the  baths. 

Nothing  can  be  said  in  a  general  way  in  reference  to  the  number  of 
baths.  Many  physicians  are  in  the  habit  of  sending  their  patients  to 
the  chalybeate  springs  with  the  direction  that  they  shall  take  a  definite 
number  of  baths  ;  the  patients  go  to  the  baths  witli  a  time  stiiiedule,  as 
it  were,  and  consider  themselves  unfortunate  or  the  entire  treatment  a 
failure  if,  for  some  reason  or  other,  they  can  not  reaeli  the  stated  num- 
ber of  baths.  We  consider  such  directions  as  thoroughly  reprehensible. 
It  can  never  be  told  in  advance  how  the  patients  will  stand  the  batlis ; 
even  if  they  have  taken  them  before,  the  condition  of  affairs  may  be 
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quite  different  upon  a  subsequent  occasion.  The  carbonated  baths  have 
such  varied  effects  upon  different  individuals  and  must  be  so  modified 
in  frequency,  temperature,  and  duration  according  to  their  influence 
upon  the  body,  that  a  medical  control  at  the  bath  can  not  be  neglected. 
In  the  interests  of  the  patient  we  would  say  that  it  is  deplorable  if  the 
physician  believes  that  he  can  direct  the  course  of  the  bath  treatment 
from  the  home  of  the  patient,  and  consequently  practically  advises  the 
patient  to  avoid  the  physician  at  the  baths. 

As  a  rule,  the  conditions  are  so  arranged  that  the  patient  takes 
three  or  four  baths  a  week  ;  those  who  take  more  than  five  baths  a 
week  are  rare  exceptions.  The  average  duration  of  the  bath  is  from 
twelve  to  fifteen  minutes ;  the  temperature  varies  between  31°  and  33° 
C.  =  87.8°  to  91.4°  F.  After  the  bath  the  chlorotic  should  lie  down 
and  rest,  in  contrast  to  many  other  patients,  who  are  directed  to  take  a 
half-hour's  Avalk  after  their  bath. 

Recently  iron-brine  baths  have  been  recommended  in  chlorosis,  and 
the  managements  of  the  sanitariums  at  the  chalybeate  baths  have 
done  everything  in  their  power  to  procure  facilities  for  giving  brine 
baths.  Our  impression  is  that  these  efforts  are  not  particularly  praise- 
worthy, as  far  as  the  treatment  of  chlorosis  is  concerned.  In  certain 
complications,  such  as  diseases  of  the  sexual  organs  or  obstinate  mus- 
cular pains  with  neuralgia,  the  brine  baths  may  be  quite  valuable ;  in 
uncomplicated  cases  of  chlorosis  the  chalybeate  baths  are  entirely 
sufficient. 

The  details  of  the  treatment  at  the  springs  and  baths  are  to  be  found 
at  p.  497. 

Sweat  baths  and  other  diaphoretic  treatments  for  chlorosis  were 
first  employed  in  connection  with  venesection.  Dyes,'''^  Wilhelmi,^" 
Scholz,-*"^  and  Schubert ""''  regard  the  marked  perspiration  which  may 
easily  be  produced  by  hot  jnicks  after  venesection  as  the  chief  benefit  to 
be  derived  from  the  withdrawal  of  blood.  Scholz  seems  to  have  been 
the  first  to  have  made  systematic  use  of  diaphoretic  procedures  without 
venesection  in  chlorosis.  The  treatment  by  sweating  is  likewise  recom- 
mended by  Konne,^*^  Dehio,^^^  and,  with  certain  limitations,  also  by 
Nonne  ^^  and  P.  Schmidt.  Lenhartz  '^^*  and  O.  Rosenbach  ^  are  de- 
cidedly opposed  to  such  procedures. 

We  have  had  too  little  personal  experience  with  the  diaphoretic 
treatment  of  chlorosis  to  form  an  opinion  of  its  value.  From  the  state- 
ments of  authors,  it  seems  to  have  been  established  that  the  sweating  at 
least  does  no  harm  ;  exceUent  results  indeed  seem  to  have  been  obtained 
in  numerous  cases  by  the  diaphoretic  treatment.     The  so-called  sweat 
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beds  or  similar  appliances  may  be  employed ;  one  of  the  good  ones  is 
known  as  the  ''  Phoenix."  Hot  baths  with  subsequent  hot  packs  are 
also  recommended.  After  the  sweating,  Dehio  directs  that  the  body 
should  be  rubbed  with  warm  dry  cloths. 

How  much  of  the  result  is  due  to  the  sweat  bath  and  how  much  to 
the  accessory  circumstances  (rest  in  bed,  administration  of  iron,  vene- 
section, etc.)  can  scarcely  be  determined.  AYe  regard  the  question  as 
one  that  has  not  been  decided. 

We  are  just  as  much  in  doubt  as  to  the  explanation  of  the  curative 
influence  of  the  sweating.  One  of  the  first  suppositions  was  that  dele- 
terious substances  were  excreted  in  the  perspiration  (Konne)  ;  no  proof 
of  this  statement  has  ever  been  offered.  We  are  inclined  to  the  opinion 
that  the  dehydration  of  the  tissues  has  something  to  do  with  the  result. 
In  a  previous  chapter  it  was  pointed  out  that  many  chlorotics  collect 
too  much  water  in  their  tissues,  and  that  it  is  desirable  to  remove  this 
excess.  We  would  consequently  place  the  diaphoretic  treatment  in  the 
same  class  as  the  treatment  with  a  dry  diet  (see  p.  513).  Until  our 
practical  experience  has  become  more  extended,  however,  theories  are 
of  secondary  importance. 

SEXUAL  LIFE. 

The  question  has  been  raised  as  to  whether  chlorosis  did  not  have 
an  important  bearing  upon  the  regulation  of  the  sexual  life.  In  a 
general  way  the  question  may  be  answered  absolutely  in  the  negative. 

The  only  important  point  is  whether  chlorotic  girls  should  be 
allowed  to  marry.  Practical  experience  has  long  since  given  its  de- 
cision. In  any  mild  case  of  chlorosis  no  one  would  think  of  forbidding 
marriage,  and  it  is  even  claimed,  with  a  certain  amount  of  justification, 
that  the  regular  sexual  life  aids  in  overcoming  the  chlorosis.  This 
experience  agrees  with  our  adopted  theory,  that  metabolic  processes  in 
the  ovaries  have  some  bearing  upon  the  origin  of  chlorosis.  With  the 
introduction  of  the  sexual  life,  from  its  beginning  to  pregnancy,  puer- 
perium,  and  lactation,  the  genital  glands  are  stimulated  by  influences 
that  were  previously  foreign  to  them,  and  which,  we  may  sujipose,  exert 
a  powerful  influence  upon  the  metabolism  of  these  organs.  According 
to  our  theory,  hematopoiesis  must  also  derive  some  benefit  from  this 
chain  of  events  (see  p.  355). 

In  severer  cases  of  chlorosis  it  is  better  to  postpone  marriage 
until  the  disease  has  been  cured.  If  we  should  expose  these  cases  to 
the  demands  of  young  married  life  and  housekeeping  we  should  be 
violating  our  adopted   principle,  that  chlorotics  should  be  spared  as 
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much  as  possible.  It  is  only  in  exceptional  cases  that  such  a  possibility 
is  to  be  considered.  As  a  matter  of  fact,  it  frequently  happens  that 
young  girls  marry  while  they  are  still  markedly  chlorotic  or  immedi- 
ately after  they  have  recovered  from  the  greatest  severity  of  the  attack. 
Injurious  consequences  do  not  fail  to  make  their  appearance.  A  severe 
recurrence  very  frequently  places  the  young  wife  upon  a  sick-bed  in 
the  first  year  of  married  life ;  abortion,  endometritis,  and  hysteria  are 
then  quite  likely  to  become  manifest.  In  these  cases  sexual  intercourse 
does  more  harm  than  good  ;  so  long  as  the  chlorosis  is  present  the 
wife  is  less  capable  of  enjoying  sexual  relations,  and  frequently  suffers 
severely  from  the  demands  made  upon  her.  This  may  be  the  source  of 
nervous  disturbances  of  the  most  varied  nature,  which  only  too  frequently 
cause  the  young  wife  to  become  hysteric. 

Under  certain  circumstances,  as  stated,  it  may  be  necessary  to  postpone 
marriage  on  account  of  chlorosis  ;  true  chlorosis,  however,  is  not  an 
actual  obstacle  to  marriage.  It  would  be  so  were  it  definitely  known 
that  the  chlorotic  girl  would  be  permanently  sterile.  In  many  cases 
chlorosis  occurs  in  association  with  a  hy])oplasia  of  the  genitalia  that 
may  be  so  extreme  that  impregnation  and  reproduction  are  out  of  the 
question.  In  these  cases,  however,  it  is  the  hypoplasia  of  the  genitalia 
and  not  the  chlorosis  which  is  the  cause  of  the  sterility. 

The  objective  examination  must  decide  whether  the  genitalia  of  the 
chlorotic  are  in  a  hopelessly  undeveloped  state  and  constitute  an  obstacle 
to  marriage  ;  from  the  nature  of  things,  however,  it  is  only  in  the  rarest 
cases  that  this  examination  is  made  before  marriage. 

SYMPTOMATIC  TREATMENT. 

Having  considered  the  general  treatment  of  chlorosis,  we  will  now 
turn  our  attention  to  the  treatment  of  certain  individual  symptoms. 
Some  of  these  have  already  been  considered ;  for  example,  the  treatment 
of  the  disease  when  it  is  complicated  with  severe  gastric  disturbances, 
with  constipation,  and  with  certain  skin  diseases. 

Headache. — Ordinarily  the  headache  of  chlorotics  requires  no 
special  treatment ;  it  calls  for  the  same  therapeutic  measures  as  those 
which  are  em]iloyed  against  the  chlorosis.  Sometimes,  however,  the 
headaches  are  so  violent  and  obstinate  that  their  relief  becomes  a  matter 
of  primary  importance. 

Medicines  are  to  be  used  as  little  as  possible,  and  only  when  results 
can  be  obtained  by  such  simple  remedies  as  valerian  and  peppermint. 
The  effectiveness  of  the  stronger  medicines,  such  as  antipyrin,  phena- 
cetin,  salipyrin,  and  antifebrin,  is  soon  exhausted ;  their  use  has  a  ten-^ 


TREATMENT.  525 

dency  to  cause  both  physician  and  patient  to  increase  the  dose  constantly, 
and  to  employ  in  rapid  succession  the  oldest  and  the  newest  remedies 
without  ever  attaining  the  desired  result.  The  antinervines  and  the 
antineuralgics  are  indicated  only  when  the  headaches  occur  in  intermit- 
tent attacks  ;  in  these  cases  they  bring  such  certain  and  rapid  relief  that 
it  seems  barbarous  not  to  employ  them  to  shorten  the  attack.  They 
should,  however,  be  avoided  in  the  severer  forms,  where  the  headache  is 
continuous,  dull,  and  stupefying. 

Where  these  constant  headaches  are  present,  the  treatment  that  never 
fails  is  continuous  rest  in  bed.  Even  after  a  few  days  there  is  consider- 
able improvement,  and  after  a  week  at  most  the  headaches  entirely  dis- 
appear. It  is,  of  course,  to  be  understood  that  while  the  patient  is  in 
bed  she  is  to  be  spared  from  all  exciting  influences.  In  the  beginning 
of  the  treatment  the  curative  measures  should  consist  chiefly  of  gener- 
ous nourishment,  the  patient  being  fed  every  two  hours ;  in  addition  to 
this,  iron  or  iron  and  arsenic  are  also  to  be  given.  Alcohol  is  to  be 
avoided.  As  soon  as  the  greatest  severity  of  the  attack  has  passed, 
hydrotherapeutic  measures,  such  as  cool  spongings  and  lukewarm  baths, 
are  indicated ;  when  first  instituted  these  procedures  are  followed  by 
slight  exacerbations. 

We  must  also  mention  the  fact  that  lumbar  puncture  has  recently 
been  recommended  for  the  severe  headaches  of  chlorosis  (Lenhartz  -^^). 
The  advocates  of  venesection  state  that  excellent  results  are  also  obtained 
in  such  cases  by  the  withdrawal  of  blood. 

Neuralgia. — The  neuralgias  of  chlorotics  arc  to  be  treated  in 
exactly  the  same  manner  as  are  the  headaches.  If  the  neuralgias  are 
intermittent  the  employment  of  the  old  and  new  antineuralgics  is  not 
only  permissible,  but,  on  account  of  their  prompt  action,  actually  indi- 
cated. The  deleterious  effect  of  small  amounts  of  these  substances  upon 
the  body  is  insignificant  when  compared  with  the  beneficial  results  ob- 
tained by  quickly  relieving  the  attack.     Morphin  is  to  be  avoided. 

For  the  much  more  frequent  neuralgic  pains  that  do  not  occur  in 
definite  attacks,  rest  in  bed  has  proved  itself  to  be  the  best  remedy ;  it 
should  be  accompanied  by  the  energetic  administration  of  iron  and  par- 
ticularly of  arsenic.  It  is  advisable  to  support  this  treatment  with  wet 
hot  packs ;  hot  baths  with  subsequent  free  perspiration  are  also  to  be 
recommended.  Excellent  results  are  also  obtained  from  the  use  of  mud 
baths  and  by  a  prolonged  sojourn  in  a  high  altitude  (St.  Moriz). 

Although  electrotherapeutic  measures  are  still  held  in  high  repute 
by  some  authorities,  their  use  is  but  rarely  followed  by  permanent 
results. 
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The  intercostal  neuralgia  of  chlorotics  holds  a  position  peculiar  to 
itself;  this  has  been  fully  discussed  at  p.  408.  We  were  recently  told 
by  a  chlorotic,  who  suffered  from  an  evidently  hysteric  left-sided  inter- 
costal neuralgia,  that  the  neuralgia  had  been  completely  cured  ever  since 
her  body  had  been  exposed  to  the  action  of  the  cc-rays. 

Fainting'  Attacks. — If  unconsciousness  and  dizziness  frequently 
make  their  appearance  in  the  course  of  the  chlorosis,  the  physician 
should  insist  ujwn  the  placing  of  the  patient  absolutely  at  rest  in  bed. 
When  such  a  course  is  pursued,  beneficial  results  are  not  long  in  mak- 
ing their  appearance.  If  it  is  believed  that  permanent  rest  in  bed  can 
be  dispensed  with,  or  if  external  circumstances  make  its  employment 
impossible,  the  best  results  will  be  obtained  by  a  rigid  regulation  of  the 
diet ;  the  meat  breakfast,  which  we  have  previously  recommended,  is 
of  special  value  in  these  cases,  and  it  is  also  advisable  to  feed  the  patient 
at  intervals  of  two  hours.  A  moderate  amount  of  wine,  taken  in  small 
doses  during  the  course  of  the  day,  is  an  important  adjuvant. 

The  individual  attack  may  frequently  be  terminated  by  immediately 
placing  the  patient  in  a  horizontal  position  and  giving  her  several  drops 
of  some  ethereal  solution.  At  this  place  we  wish  to  call  attention  to 
the  superiority  of  acetic  ether,  which  is  considerably  more  effective  than 
the  ordinary  sulphuric  ether,  not  only  for  the  fainting  spells  of  chlo- 
rotics, but  also  for  the  much  graver  attacks  of  dizziness,  oppression,  and 
asthma  of  cardiac  and  nephritic  patients.  We  have  small  gelatin  cap- 
sules prepared  which  contain  0.20  to  0.25  gm.  (gr.  iij-iv)  of  acetic 
ether  (Rosenapotheke,  Frankfurt  a.  M.) ;  these  may  readily  be  carried 
by  the  patient  and  taken  when  they  are  needed.  As  a  rule,  one  capsule 
is  sufficient  to  prevent  the  fainting  attack. 

If  the  tendency  to  fainting  is  not  overcome,  the  attack  of  uncon- 
sciousness is  to  be  treated  according  to  the  well-known  ])rinciples : 
dorsal  position  with  elevation  of  the  limbs,  loosening  the  clothing,  par- 
ticularly the  corset,  rubbing  of  the  chest,  and  bathing  the  forehead  with 
Cologne  water  or  with  other  ethereal  or  alcoholic  solutions.  More  vig- 
orous measures,  such  as  the  injection  of  camphor  or  ether,  are  but  rarely 
necessary. 

Cutaneous  eruptions  dependent  upon  clilorosis  usually  disappear 
under  the  combined  administration  of  iron  and  arsenic  (see  ]).  438). 
Certain  eruptions,  however,  are  unusually  obstinate,  and  this  is  par- 
ticularly true  of  acne.  This  is  most  frequently  observed  in  chlorotics 
between  sixteen  and  eighteen  years  of  age.  Relief  from  the  disfiguring 
affection  is  a  matter  of  great  importance  to  the  patient. 

In  addition  to  iron  and  arsenic,  which  are  always  to  be  employed 
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in  a  periodic  manner,  energetic  treatment  with  hot  baths  and  subsequent 
sweating  is  to  be  recommended.  The  diet  should  contain  a  generous 
quantity  of  vegetables ;  if  the  condition  of  the  digestive  organs  will 
permit,  a  pure  vegetable  diet  may  be  adopted  for  some  weeks.  The 
simultaneous  administration  of  sodium  chlorid  should  not  be  neglected, 
since  this  is  one  of  the  most  important  requisites  for  the  success  of  the 
vegetarian  treatment  and  for  the  avoidance  of  deleterious  results.  The 
greatest  attention  must  be  directed  to  obtaining  regular  evacuations  of 
the  bowels. 

Quick  results  are  never  to  be  expected  in  the  treatment  of  chlorotic 

acne.  If,  however,  the  measures  which  have  been  suggested  are  patiently 

carried  out,  a  cure  will  certainly  be  accomplished. 
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INTRODUCTION. 

The  word  leukemia  is  used  to  indicate  a  disease  the  characteristic 
symptom  of  which  is  an  increase  of  white  blood-corpuscles  in  the  cir- 
culating-blood, associated  with  hyperplastic  changes  in  the  blood-making 
organs. 

At  the  beginning  of  the  study  of  leukemia,  two  forms  were  differ- 
entiated, namely,  lienal  and  lymphatic,  depending  on  whether  the  spleen 
or  the  lymph  glands  were  found  enlarged,  and  this  division  was  adhered 
to  by  many,  even  till  our  day.  Nevertheless,  observing  the  blood-mak- 
ing organs  carefully  by  the  aids  that  modern  microscopy  oifers,  we  find 
very  little  to  sustain  this  old  division.  So  long  as  our  knowledge  of 
the  various  forms  of  leukocytes,  of  their  source  and  of  the  origin  of 
the  blood  generally  was  debatable,  as  it  was  before  Neumann's  discovery 
of  the  blood-making  properties  of  the  bone-marrow,  it  was  unimportant 
whether  the  division  of  the  different  leukemias  was  based  on  the  gross 
clinical  symptoms  or  the  histogenesis  of  the  blood  changes.  The  small- 
celled  forms  were  of  lymphatic  origin,  and  were  so  designated  on  account 
of  the  accompanying  enlargement  of  the  lymph  glands,  while  the  others 
were  of  lienal  origin,  since  they  were  accompanied  })y  enlargement  of 
the  spleen.  True,  Virchow's  differentiation  of  lymphatic  and  lienal 
leukemia  had  a  histogenetic  significance,  for  the  smaller  mononuclear 
cells  found  in  lymphatic  leukemia  were  attributed  to  tlie  lymph  glands, 
and  the  larger,  usually  polynuclear,  cells  found  in  the  other  type  of  the 
disease  to  the  spleen.  With  Neumann's  demonstration  that  the  bone- 
marrow  was  the  principal  seat  of  origin  of  the  blood,  particularly  of 
the  leukocytes,  the  old  classification  became  impossible,  for  in  both  forms 
alterations  were  almost  constantly  found  in  the  bone-marrow,  and  fol- 
lowing this,  the  majority  of  cases  of  leukemia  became  referable  to  it. 
So  far  the  diagnosis  had  depended  on  the  increase  of  leukocytes  in  the 
blood  and  the  finding  of  a  splenic  tumor  (lienal  leukemia)  or  a  swelling 
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of  the  lymph  glands  (lymphatic  leukemia),  while  now  the  alterations  in 
the  bone-marrow,  discovered  post  mortem,  demonstrated  a  myelogenous 
particij)ation.  Depending  on  the  kind  of  alteration  in  the  bone-marrow, 
two  varieties  of  leukemia  were  differentiated  (Neumann),  one  associated 
with  a  lymphadenoid  change  in  the  bone-marrow,  corresponding  in  great 
part  to  the  present  lymphatic  leukemia,  the  other  associated  with  a  pyoid 
change  which  included  almost  all  the  cases  designated  as  lienal. 

In  spite  of  the  great  advance  which  Neumann's  discovery  brought 
about,  there  was  still  little  appreciation  of  the  relation  of  the  three 
forms  of  leukemia.  Several  things  were  opposed  to  a  clear  understand- 
ing of  this  relation,  namely,  our  defective  knowledge  of  the  histology 
of  the  blood,  and  the  impossibility  of  separating  the  different  forms  of 
leukocytes  or  of  finding  their  seat  of  origin.  Virchow  had  already 
attempted  the  elucidation  of  this  problem,  but  after  his  division  into 
lymphocytes  and  large  white  blood-corpuscles  his  efforts  proved   futile. 

A  strictly  scientific  separation  of  the  different  kinds  of  leukocytes, 
v,'\th  the  explanation  of  their  histogenesis,  was  first  made  by  Ehrlich. 
We  are  now  in  a  position  to  recognize  from  the  study  of  the  blood  dur- 
ing life  in  what  manner  the  blood-making  organs  are  diseased.  More- 
over, we  find  that  exactly  as  Virchow's  differentiation  of  leukocytes 
confirmed  Neumann's  discoveries,  two  kinds  of  leukemia  are  to  be  sepa- 
rated, one  characterized  by  an  increase  in  lymphocytes  associated  with 
an  increase  in  the  lymphadenoid  tissue,  the  other  by  a  definite  change 
in  the  bone-marrow,  and  an  increase  in  blood  elements  that  are  evi- 
dently myelogenous  in  origin. 

Though,  according  to  our  present  knowledge,  true  myeloid  tissue 
seems  to  be  normally  limited  to  the  bone-marrow,  lymphatic  tissue 
appears  to  be  one  of  the  most  widespread  histologic  elements,  not,  it 
is  true,  in  amount,  but  in  ubiquity.  In  large  amounts  it  is  generally 
known  as  lymph  glands,  or  on  mucous  membranes,  as  lymphoid  tissue ; 
yet  in  small  amounts  it  is  found  everywhere  in  absolutely  normal  organs, 
in  the  blood-making,  such  as  the  spleen  and  bone-marrow,  as  w'ell  as  in 
all  other  organs  (Arnold,  Ribber). 

It  is  therefore  possible  that  even  apart  from  the  lymph  glands  any 
lymphatic  structure  may  prove  the  principal  seat  of  the  alteration, 
namely,  the  tonsils,  the  lymphatic  apparatus  of  the  intestine  or  the  spleen. 
All  these  forms  of  lymphatic  leukemia  show  a  common  bond  in  the 
lymphcmic  blood-pictnre,  and  represent  a  single  disease  more  or  less  dif- 
ferentiated by  certain  gross  peculiarities.  The  common,  and,  from  a 
clinical  standpoint,  the  most  important  symptom  is  the  alteration  of  the 
blood.     From  this  the  disease  takes  its  name,  and  accordingly,  under  a 
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strict  nomenclature,  we  have  a  lymphatic  leukemia  (or  possibly  better, 
with  Walz,  a  lymphocytic  leukemia)  with  predominant  participation  of 
the  lymph  glands,  a  lymphatic  leukemia  with  special  participation  of 
the  lymphatic  apparatus  of  the  intestinal  tract,  of  the  spleen,  of  the 
bone-marrow,  etc.  Thus  we  have  a  sufficiently  clear  classification 
which  takes  into  consideration  the  different  organs  participating  without 
a  strict  examination  of  the  blood  changes,  provided  they  are  in  a  general 
way  similar.  The  difference  is  mainly  this,  that  our  division,  based  on 
the  frequent  confirmation  of  Ehrlich's  work,  is  histogenetic  and  not 
merely  anatomic.  We  thereby  get  rid  of  the  former  obstinate  con- 
troversy as  to  the  propriety  of  speaking  of  a  gastro-iutestinal,  cutaneous 
or  other  form  of  leukemia.  The  blood-picture  shows  the  kind  of 
leukemia  (whether  lymphatic  or  myelogenous) ;  the  findings,  especially 
the  clinical  ones,  in  the  organs  indicate  only  the  locations  responsible 
for  the  disease. 

Lymphatic  leukemia,  therefore,  is  a  disease  the  principal  symptoms 
of  which  consist  in  the  blood  alteration  (characterized  by  an  increase  in 
lymphocytes)  and  the  tumor-like  enlargement  of  lymphatic  structures. 
In  this  increase  of  lymphocytes  in  the  circulation  less  depends  on  the 
absolute  number  of  these  cells  than  on  the  percentage  increase  in  com- 
parison with  the  rest  of  the  leukocytes.  In  other  words,  it  is  not  the 
simple  numeric  ratio  of  the  leukocytes  to  the  red  blood-corpuscles 
(W  :  E.)  which  constitutes  the  basis  for  a  diagnosis  of  "  leukemia,"  for 
there  are  simple  polynuclear  leukocytoses  in  which  the  relation  W  :  E, 
may  be  much  more  abnormal  (Leonard  and  Lloyd  Roberts,  Petrone). 
As  Ehrlich  has  taught,  the  princi])al  factor  is  the  qualitative  deviation 
of  the  leukocytic  increase  from  the  normal — in  other  words,  the  specific 
pathognomicity  of  the  leukocytosis. 

Looking  at  a  large  number  of  cases  of  lymphatic  leukemia,  we  find 
all  possible  gradations  from  the  most  marked  increase  in  leukocytes  to 
an  almost  normal  number.  This  transition  is  indicated  by  examples  of 
every  degree,  from  cases  with  a  marked  lymphemia  (lymphatic  leukemia) 
to  those  with  a  slight  or  no  absolute  increase,  in  which  the  abnormal 
blood-picture  consists  only  in  a  relative  increase  of  lymphocytes  in 
comparison  with  the  other  white  blood-corpuscles. 

This  brings  us  to  that  other  disease  known  as  pscudokukemia, 
which  name  expressly  indicates  its  non-identity  with  genuine  leukemia. 
This  is  characterized  by  the  absence  of  the  special  morphologic  symp- 
tom, namely,  the  increase  in  leukocytes.  All  tiie  other  symptoms,  how- 
ever, particularly  tlie  anatomic,  agree  with  those  of  lymphatic  leukemia, 
the  only  thing  lacking  being  the  increase  of  leukocytes  in  the  blood. 
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Still,  when  we  study  the  blood-picture  in  a  large  number  of  pseudo- 
leukemia cases  {e.  g.,  the  observations  of  Westphal,  the  cases  of  Pfeilfer, 
Frohlich,  v.  NotthafFt),  the  differentiation  of  these  two  diseases,  on  the 
basis  of  the  blood-morphology,  is  by  no  means  so  simple ;  for  we  find 
a  considerable  number  showing  evident  signs  of  a  deviation  of  the  blood 
from  the  normal,  represented  always  by  a  relative  increase  in  lympho- 
cytes. Wc  must  therefore  consider  the  blood-picture  as  inadequate  for 
a  differentiation  of  lymphatic  leukemia  and  pseudoleukemia.  More- 
over, the  foundation  of  this  differentiation  is  readily  shaken  when  we 
remember  that  the  general  notion  of  pseudoleukemia  was  conceived  at 
a  time  when  the  fine  anomalies  of  the  blood  were  as  yet  unrecognized, 
and  leukemia  itself  was  not  narrowed  down  to  the  limits  of  to-day^ 
but  comprised  all  high-grade  increases  in  the  white  blood-corpuscles,  and 
only  these.  Finally,  it  is  significant  that  even  in  earlier  times  the 
boundary  between  these  two  diseases  was  undetermined  and  the  decision; 
was  frequently  considered  to  lie  at  the  will  of  the  observer  (Winiwarter). 
Since  this  time  the  idea  has  repeatedly  been  expressed  that  we  have  ta 
do  here  with  closely  allied  processes,  and  for  proof  of  this  we  have,  on 
the  one  hand,  the  intermediate  forms  which,  characterized  by  a  moder- 
ate lymphocytosis,  may  be  called  by  either  name ;  on  the  other,  the 
reported  transitions  of  pseudoleukemia  into  genuine  lymphatic  leukemia. 

Nevertheless,  as  we  will  show  in  a  later  section  (Diagnosis  of  Pseu-- 
doleukemia,  p.  625),  the  boundaries  of  pseudoleukemia  must  be  defined, 
more  accurately  than  they  have  been  during  the  thirty  years  since  its 
first  description.  Later  observations  demand  a  sharper  definition  of  the- 
disease.  After  the  separation  of  all  the  dissimilar  affections,  a  group 
of  cases  still  remain  which  alone  deserve  the  name ;  and  on  account 
of  the  similarity  of  the  blood-picture  and  the  general  clinical  symptoms, 
to  lymphatic  leukemia,  these  may  possibly  be  comprehended  with  it  in 
the  same  description. 

In  spite  of  these  transitions  and  in  spite  of  the  uncertainty  into, 
which  tlie  advances  in  blood  histology  have  brought  the  differentiation 
of  genuine  lymphatic  leukemia  from  the  diseases  with  lesser  lympho-- 
cythemia,  we  must  still  regard  both  as  separate  affections.  We  are  not 
yet  in  a  position  to  pass  a  decisive  judgment,  but  there  seems  to  be  too. 
great  a  difference  between  the  outspoken  cases  to  bring  them  together 
on  account  of  an  apparent  common  histogenesis.  New  investigations 
must  and  will  open  up  new  points  of  view.  It  is  possible  that  the 
future  may  develop  subdivisions,  and  so  close  the  gaps  in  our  knowl- 
edge of  the  morphology,  pathogenesis  and  etiology. 

We  designate  by  the  name  lymphatic  leuhemia  a  disease  characterized 
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by  an  increase  of  lymphadenoid  tissue  in  the  organs  and  an  increased 
number  of  lymphocytes  in  the  blood.  This  symptom-complex  presents 
two  varieties,  differentiated  as  acute  and  chronic  lymphatic  leukemia. 

The  rapid  course  of  acute  leukemia,  its  fatal  termination  in  a  few 
weeks  with  evidences  of  profound  prostration  and  degeneration  of  the 
organs,  and  the  iuconspicuousness  of  the  lymphoid  processes  even  in 
cases  with  markedly  lymphocythemic  characters  of  the  blood,  give  this 
disease  the  features  of  an  acute  infection. 

Chronic  lymphatic  leukemia  develops  in  a  period  varying  from 
months  to  years,  is  characterized  by  a  gradually  increasing  and,  finally, 
marked  lymphomatosis,  and  becomes  fatal  through  either  cachexia  or 
a  terminal  increase  of  the  leukemic  process  simulating  the  acute  form 
— that  is,  of  course,  provided  the  end  is  not  brought  about  prematurely 
by  complications,  intercurrent  disease  or  compression  of  vital  organs, 
especially  the  respiratory  or  circulatory. 

As  is  evident  from  this  short  summary,  we  have  to  do  with  two 
different  affections  with  a  common  location  and  lesion,  or  with  one 
affection  manifesting  the  same  anatomic  symptom-complex,  yet  running 
a  course  sometimes  acute,  again  chronic.  With  the  elucidation  of  the 
etiology  we  are  led  to  expect  that  we  shall  discover  whether  we  have  to 
do  here  with  the  same  pathologic  process  running  different  courses  or 
with  different  diseases  showing  similar  pathologico-anatomic  lesions. 
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The  definition  of  acute  lymphatic  leukemia  comprehends  all  the 
acute  leukemia  cases  so  far  known.  There  is  no  case  described  without 
prejudice  which  shows  other  than  a  lymphatic  blood-picture  or  mani- 
fests its  principal  change  in  any  blood-making  tissue  other  than  the 
lymphatic.  In  all  acute  leukemia  cases  designated  as  myelogenous  or 
lienomyelogenic,  this  name  has  not  the  significance  attributed  to  it  in 
our  introduction.  On  the  contrary,  this  designation  was  based  on  the 
localization  of  the  gross  anatomic  changes,  thereby  saying  that  the  bone- 
marrow  alone  or  only  the  spleen  and  bone-marrow  were  affected,  while 
a  swelling  of  the  lymph  glands  was  wanting  or  was  clinically  slight. 
Since,  however,  the  designation  should  be  applied  not  on  account  of 
the  gross  anatomic  appearance,  but  on  account  of  the  histologic  find- 
ings, we  can  not  admit  the  former  as  sufficient  grounds  for  such  a  no- 
menclature. On  closer  investigation  we  find  that  the  affected  organs 
invariably  show  a  new  formation  of  lymphocytes,  sometimes  of  the 
small  variety  (ordinary  lymphocytes),  again  of  the  larger  (large  lym- 
phocytes). The  large  lymphocytes  correspond  to  the  forms  designated 
by  many  observers  in  these  cases  as  marrow  cells.^ 

Just  as  it  is  unjustifiable  to  designate  these  cells  marrow  cells  (since 
they  occur  in  the  bone-marrow  in  large  numl:)ers  only  in  these  leukemic 
hyperplasias),  so  should  the  finding  of  an  acute  leukemia  with  sole  par- 
ticipation of  the  bone-marrow  be  regarded  as  insufficient  reason  for  call- 
ing it  myelogenic.  The  name  myelogenic  or,  better,  myeloid  (see  section 
on  Myeloid  Leukemia)  indicates  from  our  standpoint  not  simply  origin 
from  the  bone-marrow,  but  origin  through  hyperplasia  of  definite  bone- 
marrow  elements.  The  meaning  of  the  word  is  not  to  be  sought  in  its 
literal  translation,  but  it  is  to  be  regarded  as  a  technical  term  with  a 
sharply  defined  significance,  just  as  lymphatic,  according  to  our  way  of 
speaking,  does   not   simply  indicate   origin    from   a  lymph  gland,  but 

'  The  name  "  maiTow  cells "  (Miiller)  was  introduced  on  account  of  their  occur- 
rence in  large  numbers  in  the  bone-marrow  of  acute  leukemia.  On  account  of  their 
location  and  their  similarity  in  form  they  were  for  a  time  confused  with  Ehrlich's 
myelocytes,  the  early  stages  of  the  polynuclear  neutrophile  leukocytes.  They  are, 
however,  positively  ditlerentiated  from  these  both  by  their  form  and  staining  })roperties, 
and  by  their  completely  different  manner  of  development  (see  P.  I.,  pp.  48,  -il). 
.')44 
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origin  from  a  tissue  which  produces  a  definite  cell-form  known  in  gen- 
eral histology  as  lymphocytes.  [The  views  of  some  of  those  who 
combat  the  author's  opinions  will  be  referred  to  later. — Ed.] 

In  the  cases  described  by  previous  observers  as  acute  myelogenic 
leukemia,  the  hyperplasia  of  the  bone-marrow  was  invariably  composed 
of  small  or  large  lymphocytes. 

Moreover,  in  these  cases  it  is  not  to  be  thought  that  the  bone- 
marrow  alone  constituted  the  seat  of  origin  of  the  leukemia,  but  it  is 
probable  that  the  rest  of  the  lymphatic  apparatus  participated  also  in 
the  hyperplasia,  and  that  a  clinical  or  anatomic  enlargement  of  the 
lymph  glands,  spleen  or  other  lymphatic  structures  was  prevented  by 
the  rapid  removal  of  their  products  by  the  circulation.  This  conclusion 
is  supported  by  the  fact  that  all  the  cases  described  by  Neumann  as 
pure  myelogenic  leukemia  with  lymphadenoid  hyperplasia  of  the  bone- 
marrow,  so  far  as  they  can  be  controlled  by  the  descriptions  given,  are 
to  be  reckoned  with  acute  leukemia.  In  the  same  way,  cases  of  acute 
leukemia  in  which  no  gross  change  was  found  in  the  blood-making 
organs,  and  which  have  been  reported  in  support  of  the  theory  of  the 
origin  of  leukemia  in  the  blood  itself  (Hirschlaff ),  are  to  be  explained 
by  the  assumption  that  the  rapid  removal  of  the  elements  allowed  no 
collection  of  lymphatic  tissue  to  come  into  existence,  not  even  in  the 
bone-marrow.^ 

That  a  certain  amount  of  irritation,  produced  possibly  by  the 
mechanic  process  of  the  removal  of  the  newly  formed  lymphatic  cells, 
may  be  brought  to  bear  on  the  true  myelocytes  and  be  manifested 
by  the  appearance  of  isolated  myelocytes  in  the  blood  of  these  cases 
may  be  granted.  Nevertheless,  the  hyperplasia  of  the  lymphadenoid 
tissue,  wherever  localized,  constitutes  unexceptionally  the  principal 
factor  in  acute  leukemia. 

[The  views  of  those  who  oppose  the  teaching  of  Ehrlich  and  his 
pupils  may  be  profitably  introduced  in  this  place.  Some  difference  of 
opinion  will  exist  so  long  as  the  final  definition  of  the  bone-marrow 
colls  remains  uncertain.  There  can  be  no  question  at  all  regarding 
the  occurrence  of  cases  in  which  the  bone-marrow  is  the  only  scat  of 
discoverable  change,  and  it  seems  established  by  those  who  have  spe- 
cially studied  the  histology  of  the  marrow  that  this  structure  is  really  a 
lymphoid  tissue  with  the  capability  of  making  lymphocytes.  Since  no 
case  of  acute  lymphatic  leukemia  has  been  studied   in   which  lesions 

The  onses  of  I^ube  and  Fleischer,  and  of  Jleuck  commonly  (juoted  as  evidence 
for  the  occurrence  of  leukemia  without  an  anatomic  basis  show  all  the  essential  lesions 
of  the  bone-marrow. 
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were  found  in  the  lymphatic  glands  alone,  the  conclusion  seems  obvious 
that  the  marrow  is  most  probably  the  invariable  place  of  origin  of  the 
disease. 

Dennig^  describes  a  case  of  acute  leukemia  without  discoverable 
alteration  in  the  blood-making  organs.  The  patient  was  a  servant  girl, 
aged  nineteen  years,  whose  illness  began  about  the  end  of  August  and 
whose  death  occurred  on  October  2d.  At  first  the  condition  was  re- 
garded as  chlorosis,  the  hemoglobin  being  from  25  to  30  per  cent.  In 
two  weeks  it  had  fallen  to  20  per  cent.,  and  the  blood  was  then  care- 
fully examined,  with  the  discovery  that  the  leukocytes  numbered  1  to 
40  red  corpuscles,  the  total  number  of  the  latter  being  800,000. 
There  was  no  enlargement  of  the  glands  or  the  spleen.  An  hour  before 
death  the  number  of  white  to  red  corpuscles  was  1  to  2.  The  stained 
preparations  showed  marked  preponderance  of  lymphocytes,  especially 
the  small  forms.  The  autopsy  showed  no  visible  change  in  any  of  the 
blood-making  organs.  Dennig's  case  is  cited  here  because  in  subse- 
quent examinations  of  the  specimens  Walz^  claims  to  have  found 
decided  changes  in  the  marrow.  He  does  not  agree  with  the  view  of 
Ehrlich  and  his  followers  regarding  the  origin  of  leukemia.  Basing  his 
opinion  on  a  case  of  lymphatic  leukemia  in  which  the  lymph  glands 
were  unaffected,  he  says  that  he  believes  we  are  not  justified  in  re- 
garding lymphatic  leukemia  as  a  disease  of  the  lymphatic  glands  alone. 
The  bone-marrow  belongs  to  the  lymphatic  apparatus  in  a  certain  sense 
and  is  normally  able  to  form  lymphocytes.  It  must  therefore  be  con- 
cerned in  lymphatic  leukemia  in  common  with  the  spleen,  lymphatic 
glands,  and  various  lymph  nodes.  Among  others  who  have  reported 
cases  of  acute  lymphatic  leukemia  without  change  in  the  bone-marrow 
are  Kormoczi  ^  and  Hirschlaff.^  Of  course,  it  is  always  possible  that 
a  more  complete  examination  might  reveal  lesions  in  such  cases,  though 
Hirschfeld  insists  upon  the  thoroughness  of  the  search  in  his  case. 

Pappenheim  ^  describes  2  cases  of  lymphemia  without  enlargement  of 
the  lymphatic  glands.  The  first  was  a  case  of  acute  leukemia  in  a  woman 
of  thirty-five  years.  The  blood-count  showed  1 ,024,000  red  corpuscles, 
20,000  leukocytes,  and  28  per  cent,  of  hemoglobin.  The  differential  count 
showed  1.5  per  cent,  polynuelear,  2.5  per  cent,  large  lymphocytes,  96 
per  cent,  small  lymphocytes.  There  was  a  moderate  poikilocytosis  and 
many  macrocy  tes  and  normoblasts,  but  no  megaloblasts.   The  postmortem 

1  Miinch.  med.  Wocb.,  1901,  No.  4. 

*  Centralbl.f.  Path.  u.  Allc/.  Path.  u.  Path.  u.  Anat.,  1901,  No.  23. 
5  Deutsch.  med.  Woch.,  1899,  p.  238.  ♦  Mimch.  med.  Woch.,  1898,  p.  942. 

^  Zeitschr.f.  klin.  Med.,  1900,  Nos.  3  and  4. 
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examination  showed  a  moderate  enlargement  of  the  jugular  glands,  and 
a  slight  enlargement  of  the  spleen,  as  well  as  lymphomata  in  the  liver. 
The  red  marrow  was  normal  to  the  naked  eye,  but  microscopically 
showed  lymphadenoid  transformation.  The  second  case  was  in  a  man 
of  fifty-nine  years,  in  whom  the  blood-count  was  1,025,000  red  cor- 
puscles, 41,250  leukocytes,  and  36  per  cent,  hemoglobin.  The  differ- 
ential count  was  4.25  per  cent,  polynuclear,  3.4  per  cent,  large  lympho- 
cytes, 91.5  per  cent,  small  lymphocytes,  and  0.8  per  cent,  eosinophile 
cells.  There  was  much  irregularity  in  the  size  of  the  red  corpuscles 
and  a  small  number  of  normoblasts  were  seen.  Later  the  number 
of  white  corpuscles  in  the  blood  increased.  The  postmortem  exami- 
nation showed  no  enlargement  of  any  of  the  lymphatic  glands.  The 
marrow  of  the  ribs  was  of  a  pale  flesh  color  and  contained  only  small 
(typic)  lymphocytes.  There  was  lymphocytic  infiltration  of  the  peri- 
portal connective  tissue  of  the  liver. 

Pappenheim  does  not  regard  these  as  instances  of  primary  disease 
of  the  blood  and  secondary  alteration  of  the  marrow,  but  as  primary 
disease  of  the  marrow',  causing  the  increased  number  of  lymphocytes  in 
the  blood. 

Dorothy  Reed  ^  has  published  a  very  careful  study  of  a  case  of  acute 
lymphatic  leukemia,  in  which  she  claims  to  have  proved  conclusively  that 
there  was  a  "  lymphocytosis  arising  from  proliferation  of  lymphoid  cells 
in  the  bone-marrow,  and  death  occurring  before  any  other  organ  in  the 
body  showed  involvement."  She  quotes  the  opinions  of  Walz,^  Pap- 
penheim,' and  Bradenburg,^  that  the  bone-marrow  in  every  case  of  leu- 
kemia is  the  starting-point  of  the  disease,  and  states  her  own  belief  that 
"  acute  leukemia,  whether  lymphoid  or  myelocytic,  is  due  to  changes 
in  the  bone-marrow,  the  other  organs  being  involved,  if  at  all,  second- 
arily." 

Kelly,^  in  an  article  on  acute  lymphocytic  leukemia,  strongly  sup- 
ports the  view  that  lymphocytic  leukemia  may  have  a  purely  myelog- 
enous origin.  In  the  first  place  he  j)(>ints  out  the  fact  that  the  bone- 
marrow  is  unfjuestionably  to  be  included  among  the  lymphoid  structures 
of  the  body,  and  reaches  the  natural  inference  that  it  can  therefore  make 
lymphocytes.  These  lymphocytes,  or,  at  all  events,  cells  not  to  be 
distinguished  in  any  way  from  the  lymphocytes  of  the  lympii  glands 
and  circulating  blood,  are  unquestionably  formed  in  the  bone-marrow. 
He  refers  to  the  cases  of  acute  lymphocytic  leukemia  without  eularge- 

1  Amer.  Jour,  of  Med.  Sci.,  Oct.,  1902,  ♦  Cliarite  Aniiolrv,  VMH). 

^  Arbeit,  aus  dem  Path.  Inst.  Tiibinyen,  1S9!),  Bd.  ii.,  j).  1. 

'  Zeit.f.  klin.  Med.,  1900,  p.  171  ^  ^y,,,,,,   ^,i.,,,oc.  of  Amer.  Plnj.^.,  1903. 
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ment  of  the  lymph  glands  reported  by  Pappenheim/  Walz,^  E-eed,' 
Michaelis  and  Wolff/  Hirschlaff,"'  Kormoczi,^  and  Spencer/  Hay  em 
and  Bensaude.'^  Buchanan/  Dennig/*'  Pineles/^  Politzer/-  and  Rosen- 
feld/^  all  of  whom  describe  cases  of  acute  lymphatic  leukemia  in  which 
there  was  involvement  of  the  bone-marrow  alone.  In  such  cases  the 
short  duration  of  the  disease  may  be  the  explanation  of  the  failure  of 
involvement  of  other  lymphatic  structures.  Such  a  view,  of  course, 
presupposes  the  bone-marrow  origin  of  lymphatic  leukemia.  Kelly 
reports  an  instance  of  the  same  sort  which  furnished  the  basis  for 
his  paper.  His  deduction  from  these  facts  seems  to  the  editor  en- 
tirely justified.  "  In  these  cases,  inasmuch  as  the  blood  contained 
large  numbers  of  lymphocytes — in  some  cases  enormous  numbers — 
1  of  the  editor's  cases  revealing  551,319  lymphocytes  to  the  cubic 
millimeter  of  blood  ;  as  the  lymph  glands,  both  macroscopically  and 
microscopically,  in  some  cases  showed  no  deviations  from  the  nor- 
mal, in  other  cases  but  slight  deviations ;  and  as  the  bone-marrow 
revealed  lymphadenoid  metamorphosis  in  all  cases  in  which  it  was  care- 
fully studied,  the  very  obvious  inference  is  to  attribute  the  formation 
of  the  enormous  numbers  of  lymphocytes  to  the  diseased  bone-marrow. 
It  is  not  necessary,  however,  to  believe  that  these  lymphocytes  are 
formed  only  in  the  bone-marrow,  although  it  is  likely  that  in  most 
of  the  cases  of  lymphocytic  leukemia  the  great  majority  of  the  circulat- 
ing lymphocytes — in  some  of  the  cases  all  of  the  circulating  lympho- 
cytes— are  formed  in  the  bone-marrow.  We  are  inclined  to  believe 
that  they  may  be  developed  from  any  of  the  lymphoid  tissues  of  the 
body  that  present  the  requisite  alterations,  such  as  the  lymph  glands, 
the  other  lymphoid  nodes,  as  in  the  intestines,  the  thymus,  and  even 
the  so-called  metastases."  Reference  will  be  made  to  cases  of  acute 
myelogenic  leukemia  in  another  place. — Ed.] 


^  Zeitschr.f.  klin.  Med.,  1902,  vol.  xlvi.,  p.  216. 
"  Centralbl.f.  dig.  Path.,  1901,  vol.  xii.,  p.  967. 
'  Amer.  Jour.  Med.  Sei.,  1902,  vol.  cxxiv.,  p.  653. 

*  DeuUich.   med.   Woch.,   1901,   vol.    xxxvii.,    p.    651;    Virchowh   Archiv,   1902,  vol. 
clxvii.,  p.  151  ;  Zeitschr.  f.  klin.  Med.,  1902,  vol.  xiv.,  p.  385. 

*  Centralbl.f.  inn.  Med.,  1898,  vol.  xix.,  p.  837. 
«  Deutsch.  med.  Woeh.,  1899,  vol.  xxv.,  p.  238. 
'  Lancet,  1900,  vol.  i.,  p.  926. 

*  La  Medecin  Mnderne,  1903,  vol.  xiv.,  p.  56. 
'  Jour,  of  Bacteriology,  1 897,  p.  242. 

"  Miinch.  med.   Woeh.,  1900,  No.  38. 
"  Wien.  klin.  Rund.,  1899,  p.  725. 
»^  Ihid.,  1899,  p.  197. 
"  Zeitschr.f  klin.  Med.,  1901,  Bd.  42. 
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SYMPTOMS  AND  COURSE. 

Acute  lymphatic  leukemia  is  a  disease  lasting  only  a  few  days  to 
several  weeks,  or  exceptionally  several  months.  It  is  frequently  asso- 
ciated with  fever  and  runs  its  course  to  death  similarly  to  an  acute 
infectious  disease  with  asthenia  and  other  general  symptoms. 

Descriptions  of  cases  have  become  frequent  since  Ebstein's  definition 
of  the  disease.  Some  observers  (A.  Friinkel,  Bradford  and  Shaw) 
have  described  whole  series  of  cases  in  the  course  of  a  few  years,  which 
would  seem  to  indicate  that  all  the  cases  of  this  disease  by  no  means 
become  generally  known — whether  it  is  that  they  are  not  published  or 
are  not  recognized.  The  frequency  of  the  aifection  is  therefore  prob- 
ably much  greater  than  the  number  of  published  cases  would  denote. 
Consequently,  statistics  in  this  regard  are  of  little  value.  Among  the 
cases  described,  almost  two-thirds  were  in  males.  Children  are  at- 
tacked with  relative  frequency.  The  limits  of  age  begin  with  birth 
(Pollmann  ^)  and  end  with  seventy-three  years  (Pineles).  By  far  the 
greater  number  of  patients  were  under  forty. 

[McCrae^  has  collected  13  cases  of  acute  leukemia  in  the  first  decade 
of  life.  Of  these,  1 1  were  males.  In  8  cases  there  was  fever ;  in  4 
general  glandular  enlargement ;  in  5,  enlargement  of  the  cervical  glands 
alone ;  in  2,  no  enlargement ;  and  in  2,  no  record  regarding  the  glands. 
In  all,  the  spleen  was  enlarged.  The  liver  was  enlarged  in  3,  and  in  2 
the  size  was  not  noted.  There  was  a  continuous  increase  in  the  pro- 
portion of  the  leukocytes,  but  not  at  any  stage  an  increase  of  poly- 
morphonuclear cells,  as  Reimann  observed. — Ed.] 

The  onset  of  acute  lymphatic  leukemia  may  be  either  sudden  or 
insidious.  In  many  cases  the  patient  feels  entirely  well  till  the  disease 
is  at  its  height,  and  then  the  symptoms  come  on  so  suddenly  that  the 
first  indication  of  illness  occurs  almost  simultaneously  with  the  taking 
to  bed.  In  other  cases  general  symptoms  exist  previously  for  days  or 
weeks  and  may  be  considered  as  prodromes,  though  they  are  ])robably 
the  result  of  the  blood-disease.  More  accurate  investigations  of  this 
primary  stage,  with  attention  directed  to  the  origin  of  the  blood-changes, 
though  of  the  greatest  importance,  are  entirely  wanting,  for  there  is 
nothing  at  that  period  to  point  to  the  severity  or  seat  of  the  disease. 

It  is  also  very  probable  that  in  the  cases  with  sudden  onset  of  severe 

'  Whether  fetal  leukeiiiia,  wliicli  terminates  witli  tlie  intni-uterinc  (U'atli  of  the 
ehild  and  its  premature  expulsion,  is  to  V)e  reekoned  in  this  eategory,  and  wlietlier  in  this 
case  the  disease  is  at  ail  comparahle  with  the  leukemia  of  adults,  ean  not  be  concluded 
from  the  descriptions  (Siinfijer,  Klebs,  Epj)in[:er)  at  hand. 

^  Johns  Hopkins  Hospital  Bull.,  May,  I'JOO. 
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symptoms  the  actual  beginning  of  the  disease  must  be  referred  to  some 
time  before,  and  that  in  the  meantime  the  disease  progressed  without 
symptoms  or,  at  least,  unnoticed.  [It  is  probable  that  some  recorded 
cases  were  instances  of  chronic  leukemia  terminating  acutely.  E.  Hirtz 
and  M.  Labbe  ^  record  a  case  of  acute  leukemia,  of  nine  weeks'  duration, 
in  which  there  was  an  obscure  nasal  infection.  They  regarded  the  case 
as  one  of  chronic  leukemia  terminating  in  a  fatal  septicemia.  Bacterial 
emboli  were  found  in  the  spleen  and  bone-marrow. — Ed.]  Then,  too, 
the  blood-picture  of  lymphatic  leukemia  has  been  found  in  the  acute 
cases  at  the  first  examination,  even  wlien  this  was  undertaken  very 
early.  In  fact,  during  complete  absence  of  the  subjective  symptoms  of 
disease  a  high  degree  of  leukemia  has  been  found  after  a  large  hemor- 
rhage had  called  attention  to  a  possible  blood-disease  (Theodor). 

On  the  other  hand  we  have  accurate  investigations  of  the  blood  in  a 
few  cases  before  the  appearance  of  the  leukemic  blood-picture,  which 
allows  the  onset  of  the  outspoken  disease  to  be  determined  with  absolute 
certainty.  In  these  cases  the  patients  came  under  observation  for  some 
other  aifection,  usually  of  a  severe  anemic  nature,  though  this  is  not  to 
be  identified  with  the  previously  mentioned  prodromes  of  acute  leu- 
kemia. 

[Reimann  ^  records  a*  case  of  acute  leukemia  in  a  girl  of  nine  years, 
in  whom  tlie  symptoms  antedated  the  characteristic  changes  in  the 
blood.  At  first  there  were  indefinite  symptoms  ;  then  hemorrhages,  and 
a  purpuric  eruj)tion,  leukocytosis,  enlargement  of  the  liver,  spleen,  and 
lymphatic  glands  followed.  There  was  at  first  an  increase  in  poly- 
morphonuclear elements.  Later  the  lymphocytes  increased  and  there 
was  slight  eosinophilia.  It  is  of  interest  to  note  that  the  autopsy 
in  this  case  showed  an  enlarged  thymus  gland  as  the  most  conspicuous 
feature.  The  early  predominance  of  polymorphonuclear  elements  may 
have  been  the  direct  result  of  the  hemorrhages. — Ed.] 

The  first  symptoms,  which  sometimes  precede  the  disease  by  many 
weeks,  consist  in  general  weakness,  pain  in  the  head  and  neck,  dyspnea, 
pressure  on  the  chest,  a  heaviness  of  the  limbs,  and  other  vague  symp- 
toms of  a  threatening  disease  (vertigo,  feverishness).  Sometimes  the 
localization  of  these  prodromes  points  to  a  blood-disease.  Thus,  several 
cases  are  reported  which  began  with  pains  in  the  region  of  the  spleen, 
others  which  set  in  like  an  acute  articular  rheumatism  with  swelling  of 
the  joints  (A.  Friinkel).  Very  frequently  a  pale  puffiness  of  the  face 
is  noticeable  ;  associated  with  this  we  not  rarely  have  epistaxis  and  hem- 
orrhages, and  infiammatory  processes  of  the  mucous  membrane  of  the 

1  Gaz.  des  H6p.,  May  16,  1900.  ^  Wien.  klin.  Woch.,  Sept.  28,  1899. 


ACUTE  LYMPHATIC  LEUKEMIA.  551 

mouth,  especially  of  the  gums  and  throat  (particularly  the  pnaryngeal 
tousil)  (Bradford  and  Shaw). 

While  these  general  symptoms  differ  in  no  way  from  those  of  other 
rapidly  developing  diseases,  several  peculiarities  are  to  be  mentioned 
which  accurately  characterize  acute  leukemia,  or  at  least  point  to  the 
diagnosis  of  a  severe  affection  of  the  blood. 

The  gross  signs  of  swelling  of  the  lymphatic  structures : 
lymph  glands,  spleen,  sometimes  the  lymphatic  structures  of  the  mouth 
(especially  the  tonsils). 

Enlargement  of  the  lymph  glands  is  almost  never  entirely  wanting. 
The  degree  of  enlargement  varies,  but  never  reaches  the  marked  con- 
dition seen  in  chronic  lymphatic  leukemia.  In  several  cases  the  largest 
glands  were  not  more  than  hazel-nut  size.  Sometimes  the  enlargement 
is  so  insignificant  that  only  toward  the  fatal  termination  are  a  few 
slightly  enlarged  cervical  glands  perceived.  In  fact,  sometimes  the 
glands  are  found  to  be  larger  than  normal  only  at  the  autopsy.  On 
the  other  hand,  the  swelling  may  disa})pear  toward  the  end,  simulta- 
neously either  with  an  increase  (Gilbert  and  Weil,  Green)  or  decrease 
in  the  lymphemia  (see  p.  561).  In  the  majority  of  cases  the  most 
marked  swelling,  both  at  the  beginning  and  in  the  course  of  the  disease, 
is  seen  in  the  cervical  glands,  and  it  is  here  sometimes  confined  to  one 
side.  Yet  rarely  do  we  meet  marked  differences  in  the  appearance 
of  the  different  grou])S  of  glands,  such  as  are  frequently  seen  in  chronic 
lymphemia  and  are  the  rule  in  pseudoleukemia.  The  glands  are  usually 
slightly,  or  not  at  all,  sensitive  (though  marked  tenderness  has  been 
observed)  and  are  readily  movable  against  one  another  and  between  the 
underlying  and  overlying  soft  parts.  When  the  glands  are  painful, 
and  especially  when  they  are  run  together,  we  must  not  be  too  hasty  in 
attributing  a  leukemic  cause  to  them,  since  frequently  a  local  irritation 
producing  simple  inflammatory  swelling  may  be  found,  especially  in 
disease  of  the  mouth  (Ebstein).  The  consistence  of  the  glands  is 
usually  hard,  and  only  rarely  has  an  almost  diffluent  softness  been 
observed. 

The  spleen  is  of  normal  size  in  less  than  one-third  of  the  cases 
(Fussell,  Jopson  and  Taylor).  The  enlargement  usually  seen  is  not  as 
a  rule  considerable,  yet  immense  s])leens  have  been  described,  especially 
in  children  (Eichhorst,  Midler,  Theodor).  A  rapid  enlargement  dur- 
ing the  short  course  of  tlie  disease  is  sometimes  more  evident  in  the 
spleen  than  in  the  lymph  glands.  Tlie  organ,  then  increasing  irom  day 
to  day,  takes  u])  the  wliole  left  side  of  the  abdomen.  It  may  be  seen 
through  the  abdominal  wall  as  a  superficial,  rounded,  limited  ])rotul>(  r- 
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ance,  and  sometimes  (in  the  emaciated)  is  so  evident  that  the  boundaries 
may  be  determined  by  the  eye.  In  the  same  way  the  hard  tumor,  regu- 
larly enlarged  in  all  its  diameters,  with  its  sharp,  well-defined  border  and 
evident  incisurse  on  the  anterior  border,  is  readily  palpated.  The  borders 
are  sometimes  palpable  around  the  whole  spleen,  with  the  exception  of 
a  small  part  of  its  summit — on  account  of  the  organ  sinking  from  its 
site  of  attachment,  after  the  fashion  of  a  wandering  spleen. 

The  pharyngeal  tonsils  are  enlarged  in  about  half  the  cases.  Any 
connection  with  the  degree  of  swelling  in  the  cervical  glands  has  not 
been  determined,  though  it  has  sometimes  been  noticed  that  the  most 
marked  swelling  in  the  cervical  glands  was  on  the  same  side  as  that  of 
the  tonsillar  enlargement  (Bradford  and  Shaw,  Case  3).  Children  seem 
especially,  though  not  exclusively,  predisposed  to  the  enlargement  of 
the  tonsils.  The  appearance  is  either  of  simple  enlargement  or  of 
enlargement  with  hemorrhage  into  the  tissue.  Not  rarely  the  tonsils 
are  covered  with  a  necrotic,  diphtheric  or  hemorrhagic  exudate. 

Hemorrhag'es. — The  most  striking  and  characteristic  clinical 
symptoms  of  acute  leukemia  are  presented  by  the  hemorrhages  and 
their  sequelae.  We  refer  here  especially  to  the  hemorrhages  into  the  skin, 
the  visible  mucous  membranes  and  the  posterior  eye-ground ;  further, 
the  hemorrhao^es  in  the  interior  of  the  bodv — that  is,  those  that  arc 
recognizable  during  life  by  their  clinical  results,  as  of  the  intestine,  the 
bladder,  the  brain,  and  the  labyrinth  of  the  ear. 

The  skin  hemorrhages  occur  as  petechia  on  the  buttocks  and  the 
extremities  without  regular  localization  or  predilection.  Their  size  is 
usually  small,  about  that  of  the  head  of  a  pin,  though  very  extensive 
extravasations  also  occur.  Their  further  course  is  that  of  ordinary 
petechise — rapid  disappearance,  leaving  behind  a  pigmentation  with 
blood-coloring  matter.  Sometimes  large  and  deep  necroses  of  the  skin 
arise,  which  spread  rapidly  and  show  not  the  slightest  tendency  to  heal. 
Their  origin  is  sometimes  due  to  subnutrition  of  the  lymphomatous 
infiltrated  tissue  in  which  the  hemorrhage  arose,  again  (directly)  to  small 
traumas  like  decubitus.  That  the  skin  in  cases  of  acute  leukemia  id 
extremely  sensitive  to  the  slightest  injuries,  and  that  it  possesses  scarcely 
any  power  toward  regeneration  of  defects,  is  evidenced  by  the  foudro- 
yant  necrosis  of  the  skin  of  the  leg — following  the  application  of  a 
vesicant  (Leube  and  Fleischer). 

In  the  moiifJt  the  small  hemorrhages  are  found  either  with  an  appar- 
ently intact  surrounding  or  on  a  part  of  the  mucous  membrane  changed 
by  swelling  or  necrosis  and  ulceration.  Their  site  of  predilection  is 
especially  the  gums,  then  tlie  palate,  the  mucous  membrane  of  the  cheeks, 
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the  throat  and  the  nose.  The  simple  petechise  of  the  month  and  nose 
have  no  serious  significance  so  long  as  the  mucous  membrane  itself 
remains  intact.  Yet  the  erosions  of  even  relatively  small  vessels  may 
become  dangerous  if  the  mucous  membrane  is  swollen  and  necrotic,  and 
any  contact,  no  matter  how  slight,  may  give  rise  to  severe  and  long- 
continued  hemorrhage.  Severe  hemorrhages  may  break  through  the 
raucous  membrane,  which  is  never  absolutely  sound  at  the  site  of  rupt- 
ure of  the  vessel,  and  lead  to  dangerous  losses  of  blood  (especially  from 
the  nose).  Necroses  and  ulcerations  arise  at  the  site  of  the  hemorrhage 
even  more  frequently  than  on  the  skin.  These  are  often  small,  but 
again  may  be  large  and  noma-like  and  rapidly  destroy  the  mucous 
membrane  of  the  cheeks. 

Hemorrhages  of  the  posterior  eye-ground  are  found  in  almost  all 
cases.  They  appear  as  smaller  or  larger  foci,  sometimes  with  a  white 
center  and  are  often  surrounded  by  a  clouding  of  the  retina.  This  deli- 
cate veil-like  clouding  of  the  retina  around  the  hemorrhage,  associated 
with  a  more  marked  dilation  of  the  veins  than  the  arteries  (Elschnig), 
is  quite  characteristic  of  leukemia ;  yet  these  fine  clinical  characteristics 
are  often  not  sufficiently  evident  to  allow  a  positive  differentiation  from 
other  severe  anemias. 

As  we  shall  see  in  the  discussion  of  the  anatomic  changes,  the  very 
frequent  hemorrhages  into  the  brain  and  its  membranes  rarely  produce 
symptoms  corresponding  to  the  extent  of  the  lesions.  In  cases  of  hem- 
orrhage from  the  hemispheres  into  the  ventricles,  hemiplegias  have  been 
deserved ;  in  widespread  hemorrhages  into  many  large  foci,  only 
general  unconsciousness  (A.  Frankel).  These  hemorrhages  are  survived 
only  a  few  hours  to  several  days  and  are  almost  always  to  be  regarded 
as  the  immediate  cause  of  death. 

Paralyses  of  the  peripheral  cerebral  nerves  (branches  of  the  facial 
and  auditory),  which  have  been  several  times  noted,  were  discovered  at 
the  autopsy  to  be  due  in  part  to  hemorrhages  into  their  substance  (Eich- 
horst,  Schwabach).  Affection  of  the  auditory  nerve  and  of  the  internal 
ear  not  rarely  produces,  besides  deafness,  which  sometimes  occurs  sud- 
denly, the  well-known  picture  of  Meniere's  disease  (Schwabach). 

Hemorrhages  from  the  intestine,  the  urethra,  and  the  var/ina  are  not 
rare  and  occasionally  become  the  direct  cause  of  death,  like  those  from 
the  mouth  and  nose.  They  are  the  result  of  rupture  of  vessels  in  the 
corresponding  organs.  We  will  discuss  their  seat  and  manner  of  origin, 
M'hich  are  often  of  clinical  importance,  more  ])rocisely  in  the  section  on 
Pathology.  \Yestphal  describes  a  severe  hemorrhage  after  puncture  of 
the  spleen  by  a  fine  cannula. 
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In  addition  to  hemorrhages  we  find  in  a  series  of  cases  marked 
swelling"  and  ulceration  of  the  mucous  membranes,  especially  of 
the  mouth  and  throat,  on  account  of  their  exposure  to  traumas.  These 
are  frequently  the  result  of  the  breaking  down  of  the  foci  of  previous 
hemorrhage ;  yet  again  they  arise  in  apparently  healthy  tissue,  which, 
however,  always  shows  marked  microscopic  changes  (lymphomatous 
infiltration).  These  necroses  of  the  mucosa,  when  they  occur  (accord- 
ing to  Nobel,  in  70  per  cent,  of  the  cases),  constitute  one  of  the  most 
characteristic  symptoms  of  acute  leukemia,  as  they  are  common  to  but 
few  other  diseases,  and  consequently  often  suggest  the  correct  diagnosis 
(a  point  insisted  on  especially  by  Bradford  and  Shaw).  The  site  of 
predilection  of  these  lesions  is  particularly  the  gums  and  the  lips,  then 
the  palate,  the  uvula,  the  mucous  membrane  of  the  cheeks  and  the 
tongue.  Sometimes,  too,  the  nose  and  the  entrance  of  the  larynx, 
together  with  the  epiglottis,  are  affected. 

At  first  the  lesion  consists  of  a  moderately  hard  swelling  (infiltra- 
tion with  lymphocytes)  under  the  sound  mucous  membrane.  The  gums 
are  pushed  outward  to  the  edge  of  the  teeth  ;  in  fact,  the  teeth  may  be 
completely  hidden  by  the  swelling.  On  account  of  the  slight  traumas 
constantly  occurring  in  the  mouth,  inflammatory  excitants  are  forced 
into  the  distended,  thin,  readily  injured  mucous  membrane  and  produce 
here  and  there  necroses.  Mouth  breathing,  coming  on  usually  as  a 
result  of  occlusion  of  the  nose,  aids  in  the  drying  up  of  the  buccal 
mucous  membrane  and  makes  way  for  the  entrance  of  bacteria.  The 
result  is  sometimes  a  diphtheric  condition,  again  ulceration  of  the 
mucous  membrane.  The  ichorous  destruction  of  this  dead  mass  pro- 
duces the  most  fetid  and  disgusting  odor  of  the  exhaled  breath.  There 
is  a  continual  flow  of  saliva.  The  teeth  sit  loosely  imbedded  in  the 
spongy  remains  of  the  mucous  membrane.  Ev^ery  touch  produces 
hemorrhage,  making  a  condition  completely  identical  with  that  char- 
acteristic of  scorbutus.' 

The  symptom  which  has  given  the  disease  its  name  and  which 
constitutes  the  only  positive  diagnostic  sign  of  leukemia  is  the  increase 
of  white  blood-corpuscles  in  the  circulating  blood.  The 
absolute  number  may  increase  to  more  than  one-half  a  million  in 
the  cubic  millimeter.     Since  a  considerable  decrease  of  red  blood-cor- 

'  Acconlintf  to  the  predominant  development  of  one  of  these  three  symptoms,  Gilhert 
and  Weil  differentiate  three  clinical  forms  of  acute  leukemia: 

(1)  Typic  acute  leukemia,  in  which  the  swelling  of  the  lymphatic  structures  stands 
out  most  prominently;  (2)  the  hemorrhagic  form,  the  principal  characteristics  of  which 
are  the  hemorrliages  ;  (3)  the  pseudoscorbutic  form  with  hemorrhages  and  ulceration  of 
the  mucous  membrane  of  the  mouth  and  the  nose. 
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puscles  not  rarely  occurs  at  the  same  time,  we  find  occasionally  propor- 
tions of  whites  to  reds  of  1  :  3  or  even  1  :  2.  Still,  tlie  increase  in 
leukocytes  is  usually  not  so  great,  and  proportions  of  about  1  :  10  or 
1  :  20  are  more  frequent. 

In  this  leukocytosis  the  polynuclear  neutrophiles  constitute  only  a 
small  percentage,  being,  at  the  most,  normal  in  number,  though  usually 
diminished.  Eosinophiles  are  rare,  being  almost  always  considerably 
below  1  per  cent.  ;  though  in  isolated  cases  over  this  amount  (Bradford 
and  Shaw,  1.6  per  (sent.).  Only  rarely  is  a  small  percentage  of  neutro- 
phile  myelocytes  found  (0.4  and  0.6  per  cent,  in  2  of  Bradford  and 
Shaw's  cases).  If  the  case  described  by  Bloch  and  Hirschfeld,  with 
10.26  per  cent,  myelocytes,  is  to  be  reckoned  with  leukemia  (as  these 
writers  aver),  and  not  to  anaemia  infantium  pseudoleukaemica,  it  repre- 
sents the  highest  known  maximum.  We  have  tabulated  here  a  few  cases 
from  the  literature  which  present  exact  counts  : 


T.  McCrae 

Kiihnau  .  , 


Fussell.     Jopson,  "I 


Fussell,     Jopson,  1 

-  -  -  r  .  . ; 


and  Taylor 

^issell,     Jc 
and  Taylo: 

Gilbert  and  Weil. 

Kormoczy  .... 

Bradford  and        J 
Shaw 1 

Bradford  and         I 
Shaw ') 

Bradford  and  Shaw. 
Hirschlaff  .   .   .   .  -^ 

Pineles 

Brandenburg  .   .  -| 


White. 

Red. 

W.  :R. 

26,000 

1,700,000 

1:65 

120,000 

2,500,000 

1:25 

134,000 

800,000 

1:6 

362,000 

1,273,000 

1:35 

22,010 

4,500,000 

1  :205 

to 

to 

to 

46,400 

1,840,000 

1:39 

6,000 

2,800,000 

1  :383 

to 

to 

to 

107,000 

1,600,000 

1:15 

34,500 

2,250,000 

1:  72 

to 

to 

to 

68,000 

1,500,000 

1:22 

74,000 

2,500,000 

1:33 

to 

to 

to 

280,000 

2,000,000 

1:7 

43,600 

1  :22 

to 

960,000 

to 

240,000 

1  :4 

550,000 

3,500,000 

1:36 

29,200 

4,100,000 

1:140 

to 

to 

to 

92,000 

2,000.000 

1:21 

Lymphocytes. 

^ ■  Myelo- 

Small :    Large  : : 

per  ct.    per  ct.    per  ct. 


87 
85 

88.84 

79.37 
60 


2 
10 

5.48 
5.54 


100 

10     I     65 

95 

12.2        61.8 
to  to 


13.4 
6.9 

0.88 


64.3 
90.4 
98.49 


72-9. 


0.6 
0.4 


Poly- 
Eosino-   nuclear 
philes:,  neutro- 
philes: 
per  ct.  I    per  ct. 


0.09 


1.6 
0.23 


0.5 
0 


r  25 
J  to 
I      4 


Hemo- 
globin : 

per  ct. 


35 


32 


26 


The  increase,  therefore,  affects  quite  exclusively  tlie  hfmphnryfcft. 
The  appearance  of  those  cells  has  been  minutely  described  by  Elirlich 
and  Lazarus  in  the  former  sections  of  this  volume.     Thev  are  mono- 
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nuclear  cells,  varyiug  from  one  to  two  or  three  times  the  size  of  a  red 
blood-corpuscle.  They  are  diiferentiated  principally  by  their  size,  and 
the  two  extremes  are  designated  by  the  names  small  and  large  lympho- 
cytes, though  between  these  two  every  form  and  size  are  found. 

They  are  mononuclear.  The  nucleus  lies  centrally,  is  round,  sharply 
limited,  and  stains  in  the  dry  preparation  equally  well  with  all  nuclear 
stains.  The  smaller  the  lymphocyte,  the  darker  the  nucleus.  In  the 
nuclei  of  the  small  lymphocytes  we  find  one  (or  two)  round,  sharply 
circumscribed  clear  spots,  the  nucleoli.  These  are  seen  esi)ecially  well 
in  fresh  preparations  after  the  addition  of  a  weak  acetic-acid  solution. 
The  nuclei  of  the  large  lymphocytes  frequently  show  a  larger  number 
of.  clear  spots. 

In  sections  hardened  by  bichlorid  of  mercury  the  small  lymphocytes 
especially  show  a  very  evident  nuclear  structure  consisting  of  2  to 
3  chromatin  masses,  situated  centrally,  and  5  to  10  grouped  about  the 
border.  All  these  dark  granules  are  joined  together  by  a  moderately 
rough  network  of  chromatin  threads  which  is  denser  the  smaller  the 
nucleus,  and  the  reverse. 

The  nucleus  is  entirely  surrounded  by  protoplasm,  though  it  may  lie 
a  little  excentrically.  The  protoplasmic  structure  is  usually  not  very 
clear,  either  in  dry  preparations  or  in  sections.  Frequently  it  is  Stained 
regularly  by  the  basic  anilin  dyes  (basophilic,  and  possibly  even  more 
so  than  the  nucleus),  though  again  it  appears  as  granules,  and  sometimes 
as  a  sort  of  irregular  honeycomb  structure,  which  in  the  best  examples 
is  represented  by  a  loose  delicate  network. 

In  acute  lymphatic  leukemia  the  small  lymphocytes  usually  stand  in 
the  background,  allowing  the  picture  to  be  dominated  by  the  larger 
lymphocytes.  The  latter  are  characterized  by  a  large  faintly  and 
regularly  stained  nucleus,  filling  almost  the  entire  cell,  and  a  small 
amount  of  protoplasm  which  is  devoid  of  eosinophile,  neutrophile,  or 
mast-cell  granules,  and  takes  the  basic  stains  better  than  the  acid  and 
sometimes  shows  a  sort  of  fine  basophile  granulation. 

These  large  lymphocytes  are  identical  with  the  forms  described  as 
premature  cells,  unripe  cells,  or  marrow  cells  (Markzellen).  These 
names,  the  last  of  which  indicates  their  origin  from  the  markedly 
hyperplastic  l)one-marr()w,  play  a  considerable  role  in  the  misunder- 
standing of  leukemia.  The  name  marrow  cell  is  especially  misleading, 
and  none  the  less  so  on  account  of  confusion  with  Ehrlich's  neutrophile 
myelocyte,  the  forerunner  of  the  ordinary  polynuclear  white  blood- 
corpuscle.  Moreover,  this  name  has  but  little  justification,  since  the 
number  of  these  cells  that  originate  in  the  bone-marrow  is  normally 
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EXPLANATION  OF  PLATE  IIL 

Fi(i.  1. — Blood  in  Acute  Leukemia. 

Besides  red  corpuscles,  the  chief  feature  is  large  lymphocytes  whose 
nuclei  show  a  delicate  network  with  large  clear  areas,  a.  Small  lymphocytes 
with  dark-blue,  coarsely  granular  nuclear  framework  ;  b,  polynuclear  leuko- 
cyte. 

From  a  specimen  fixed  with  heat  and  stained  with  hematoxylin  and 
aqueous  eosin  solution  (Zeiss,  Oc.  II.  Hom.  Immer.  -^2). 

Fk;.  2. — Blood  in  Chronic  Lymi'HATic  Leukemia. 

Besides  red  corjjuscles,  the  chief  feature  is  small  lymphocytes  with  a 
narrow  border  of  l)asophil  (dark-violet  blue)  protoplasm,  a.  Large  lympho- 
cyte with  basophil  protoi)lasm ;   /;,  polynuclear  lymphocyte. 

From  a  preparation  fixed  with  formalin  and  stained  with  aqueous  solu- 
tion of  eosin  and  aqueous  solution  of  methyl  blue  (Zeiss,  Oc.  II.  Hom. 
Immer.  Jj). 
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very  small,  while  all  the  lymphatic  structures  of  the  body  contain  them. 
The  correspondence  of  these  "  marrow  cells "  of  acute  lymphatic  leu- 
kemia with  Ehrlich's  large  lymphocytes  has,  since  Fraenkel's  work, 
been  generally  granted.  There  is  no  reasonable  ground  for  the  assump- 
tion that  the  large  cells  answering  this  description  and  arising  from  the 
bone-marrow  (which  Benda  comprised  under  the  name  myelogonies)  are 
to  be  differentiated  from  the  exactly  similar  ones  originating  from  the 
lymphatic  apparatus  (Benda's  lymphogonies). 

Deviations  from  the  normal  appearance  of  the  lymphocytes  are  rare, 
and  when  they  occur  they  affect  exclusively  the  nucleus.  Such  nuclei 
are  indented,  lobulated,  almost  divided  or  even  broken  up  into  two  or 
more  pieces,  though  they  are  always  distinguishable  by  their  size,  faint 
color,  and  irregularly  plump  shape  from  those  of  the  polynuclear  leuko- 
cytes. The  protoplasm,  too,  is  distinguished  by  its  small  amount  and 
the  absence  of  neutrophile  granulations  from  that  of  the  ordinary  poly- 
nuclear leukocytes  (see  p.  587). 

No  definite  rule  can  be  stated  for  the  proportion  of  large  to  small 
lymphocytes.  There  are  cases  in  which  the  large  form  is  almost  exclu- 
sively present,  and  others  in  which  it  is  almost  wanting  (Theodor). 
Nevertheless,  as  Fraenkel  first  stated,  in  acute  leukemia  the  large  cells, 
as  a  rule,  predominate,  while  only  a  few  isolated  cases  of  chronic  lym- 
phatic leukemia  with  an  exclusive  increase  in  the  large  forms  have 
been  described. 

The  number  of  red  blood-corpuscles  is  rarely  normal,  and,  as  a  rule, 
fluctuates  between  1,000,000  and  3,000,000  (see  table,  p.  555).  The 
occurrence  of  small  numbers  of  nucleated  red  blood-corpuscles  may  be 
considered  the  rule,  large  numbers  extremely  rare  (in  1  case  of  Fussell, 
Jopson  and  Taylor  1  :  173). 

The  percentage  of  hemoglobin  in  the  blood  is  always  under  50. 

The  characteristic  blood-picture  (increase  in  lymphocytes)  has  been 
found,  except  in  those  few  cases  of  acute  lymphatic  leukemia  following 
severe  anemia,  at  the  beginning  of  the  disease — that  is,  as  soon  as  the 
clinical  symptoms  showed  reason  for  the  examination  of  the  blood,  or, 
in  otlier  words,  as  soon  as  the  patient  sought  medical  aid.  When  the 
alteration  of  the  blood  begins,  and  how  it  develops,  is  unknown  in  any 
typic  case.  The  increase  in  the  lyniphocythemia  during  the  course 
of  the  disease,  however,  has  been  frequently  followed  and  has  some- 
times been  found  to  be  uncommonly  rapid  ;  for  instance,  in  one  case  in 
five  days  there  was  an  alteration  of  the  ratio  of  whites  to  reds  from 
1  :  35  to  1  :  7,  the  red  blood-c()rj)uscles  renmining  j)ractical]y  stationary 
(2,500,000  to  2,000,000),  the  increase  in  whites  being  from  74,000  to 


558  LYMPHATIC  LEUKEMIA. 

280,000  ;  in  another  case,  in  eight  days  an  alteration  of  from  1  :  43  to 
1  :  25  was  noted,  with  a  decrease  of  red  blood-corpuscles  from  2,500,000 
to  1,500,000,  the  increase  in  whites  being  from  34,500  to  68,000  (Brad- 
ford and  Shaw). 

[Hitschmann  and  Lehndorif  ^  describe  a  case  of  leukemia  with  severe 
megaloblastic  anemia  in  a  patient  of  thirty-four,  who  had  a  rapidly  de- 
veloping anemia  that  advanced  in  the  course  of  three  weeks  to  such  a 
degree  that  the  number  of  red  corpuscles  was  only  724,000.  The  pro- 
portion of  red  to  white  fell  from  200  :  1  to  21:1,  and  finally,  just 
before  death,  from  5:1.  The  number  of  white  cells,  however,  was  not 
greatly  increased,  the  maximum  being  35,000.  The  mononuclear  cells 
numbered  96  per  cent.,  of  which  76.6  per  cent,  were  large  non-granular 
forms.  Among  the  mononuclear  cells  were  numerous  non-granular 
basophile  cells,  such  as  occur  only  in  the  bone-marrow.  The  nucleated 
red  corpuscles,  and  especially  megaloblasts,  were  present  in  large 
numbers. 

The  case  is  of  interest  as  showing  how  a  megaloblastic  process  in 
the  bone-marrow  may  be  secondary  to  other  blood-conditions. — Ed.] 

In  a  very  few  cases  patients  were  already  under  observation  on 
account  of  another  disease,  as  severe  anemia  (Litteu,  Waldstein,  Gott- 
lieb, Korraoczy)  or  pseudoleukemia  (Mosler,  Senator,  Martin,  and 
Mathewson),  when  the  unsuspicious  blood-picture  changed,  two  or  three 
or  four  days  before  death,  into  a  marked  leukemic  one  (leukemia  acutis- 
sima).  Still,  in  these  cases  the  origin  and  course  were  so  rapid  (Litten, 
Hilbert,  Fuchs)  that  no  opportunity  was  presented  of  observing  the 
mode  of  development. 

GENERAL  SYMPTOMS. 

Besides  these  more  or  less  characteristic  symptoms,  there  are  a  num- 
ber which  acute  leukemia  has  in  common  with  other  fatal  asthenic  dis- 
eases. 

The  most  striking  are  the  wax-like  yellow  to  gray  pallor  of  the 
skin  of  the  face  and  body  and  the  puffiness  of  the  face.  Edema 
occurs,  but  is  not  frequent ;  more  often  we  find  an  increased  diuresis, 
so  that  the  daily  quantity  of  urine  increases  to  even  4  L.  and  over. 
An  accompanying  albuminuria  has  been  observed,  but  only  rarely. 
Kiihnau  reports  an  acute  hemorrhagic  nepliritis  shortly  before  the  fatal 
termination,  yet,  generally,  inflammatory  kidney  changes  are  even  more 
rare  than  the  albuminuria  would  indicate.  As  already  mentioned, 
hematuria  dependent  on  hemorrhage  into  the  urinary  tract  is  not  rare. 
*  Zeitschr.f.  Meilkunde,  1903,  No.  5. 
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Priapism  was  found  several  times  (Craig),  and  in  1  case  (Ward)  could 
be  referred  to  a  thrombosis  of  the  corpora  cavernosa  (following  occlu- 
sion of  a  vein),  similarly  to  the  process  described  by  Kast  in  myeloid 
leukemia. 

The  liver  is  frequently  enlarged,  in  fact  almost  regularly  in  the 
leukemia  of  children.  Still,  it  seldom  gives  rise  to  icterus,  and  even 
the  occasionally  appearing  green  color  of  the  urine  is  not  referable  to 
bile  coloring-matter,  bat  to  a  peculiar  green  substance  which  we  will 
discuss  more  at  length  when  speaking  of  chloroma. 

As  a  result  of  the  hemorrhages  from  all  the  body  cavities  and  into 
all  the  organs,  .and  of  the  not  infrequent  diarrhea  and  defective  absorp- 
tion, emaciation  is  extreme.  It  finds  its  highest  expression  in  the 
nitrogen  loss,  which  has  amounted  to  over  20  gm.  daily  (Magnus-Levy). 

The  increased  excretion  of  uric  acid  is  the  result  of  a  special 
peculiarity  of  metabolism.  It  was  found  as  uric  acid  or  urates  in  the 
urine,  or  as  uric  acid  infarcts  in  the  kidneys,  in  the  first  cases  of  leu- 
kemia observed,  and  is  especially  marked  in  the  acute  exacerbations  of 
leukemia,  and,  therefore,  in  acute  leukemia.  In  the  beginning  this 
increase  was  referred  to  the  fever  present  at  the  time  (Hosier  and 
K5rner).  Later,  an  undoubted  connection  was  found  with  an  increased 
destruction  of  nnclein,  which  from  histologic  observation  (Gumprecht, 
Kr5nig)  and  experimental  investigation  (Schreiber  and  Zaudy,  Kiihnau 
and  Weiss)  may  be  regarded  as  the  result  of  the  breaking  up  of  white 
blood-corpuscles.  Still  we  must  remember  that  this  destruction  is 
not  always  so  great  as  the  quantity  of  uric  acid  excreted  would  indi- 
cate, and  there  is  possibly  another  factor  not  yet  clearly  understood 
(Magnus-Levy).  Further,  uric  acid  may  arise  from  bodies  introduced 
with  the  food  (Minkowski).  The  sedimentation  of  uric  acid  in  the 
urine  is  not  positive  evidence  of  increased  excretion,  for  under  certain 
circumstances  small  amounts  are  sometimes  precipitated,  while  again 
much  larger  quantities  remain  in  solution  (Magnus-Levy).  This  in- 
crease in  uric  acid  in  the  urine,  though  frequent,  is  not  necessarily 
the  rule.  In  1  case  of  Fraenkel's  it  amounted  to  more  than  12  gm. 
in  forty  hours.  At  the  same  time  there  was  found,  probably  also  as 
a  result  of  the  breaking  up  of  nnclein,  an  increased  excretion  of  phos- 
phoric acid  to  over  15  gm.  The  fact  that  the  quantity  of  uric  acid  ex- 
creted does  not  correspond  to  the  used-up  leukocytes  gives  reason  for 
the  assumption  that  the  destruction  of  nnclein  does  not  necessarily  stop 
at  the  production  of  uric  acid,  but  sometimes  is  further  oxidized  and 
only  then  excreted  (Minkowski). 

The  heart  activity  is  almost  always  increased.     At  autopsy  eudo- 
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carditic  changes  hav^e  been  frequently  found  (Senator,  Pollniann) ;  in 
fact,  it  is  on  such  a  change  that  Senator  bases  the  symptom  of  the  cen- 
tri])etal  venous  pulse  observed  in  one  of  his  cases. 

The  respiration  often  presents  no  peculiarities.  Still  we  occasion- 
ally find  severe  dyspnea  from  occlusion  of  the  nose  and  throat  by 
lymphomatous  masses  and  a  disgusting  odor  of  the  breath  from  necrosis 
of  the  gums,  tongue,  and  mucous  membrane  of  the  cheeks.  Sometimes 
the  limitation  of  the  chest  space  by  lymphatic  tumors  (enlargement  of 
the  thymus  or  the  mediastinal  glands)  produces  considerable  dyspnea. 
The  oxygen  metabolism  seems  to  suffer  no  alteration.  Among  the 
accompanying  affections  of  the  respiratory  organs,  bronchial  catarrh  is 
almost  constant. 

Fever  is  frequently  present  and  sometimes,  especially  toward  the 
end  of  life,  reaches  high  grades  (40°-41°  C).  On  the  other  hand,  cases 
have  been  observed  showing  a  terminal  drop  of  the  temperature,  which 
had  been  moderately  high  from  the  beginning.  The  curve  of  the  fever 
is  very  irregular.  Frequently  it  recalls  the  curve  of  typhoid,  frequently, 
too,  that  of  sepsis,  provided  it  is  not  itself  to  be  regarded  as  septic. 
Generally  we  have  to  do  with  an  irregular,  not  exactly  high,  fever,  and 
during  the  day  complete  apyrexia  is  not  rare. 

COURSE. 

The  body  is  able  to  resist  all  these  influences  but  a  short  time.  It 
is  not  long  before  a  marked  loss  of  strength  develops,  which  only  rarely 
gives  way  to  a  temporary  improvement  or  relative  eupnea.  Generally 
the  disease  runs  a  rapid  course  to  death.  The  duration  never  exceeds 
a  few  months,  and  all  variations  are  found  from  a  few  days  to  longer 
periods.  Ebstein  gives,  as  the  longest  duration,  63  days ;  Gilbert  and 
Weil,  112  days;  yet,  the  course  maybe  even  somewhat  slower  and 
still  correspond  to  the  clinical  picture  of  acute  leukemia.  As  in  other 
affections,  the  clinical  course  of  the  disease  is  of  much  greater  signifi- 
cance than  its  duration,  a  fact  that  is  readily  supported  by  the  foregoing 
observations. 

Death,  often  hastened  by  the  severe  loss  of  blood,  especially  from 
the  nose  and  mouth,  occurs  from  marasmus  or  in  coma. 

[J.  L.  Miller  and  J.  Hesse '  report  a  case  of  acute  leukemia  in 
which  death  occurred  from  rupture  of  the  spleen.  The  patient  was  a 
man  aged  twenty-four.  In  October,  1901,  he  consulted  a  physician  on 
account  of  loss  of  appetite  and  severe  abdominal  pain,  and  was  supposed 
to  be  suffering  from  acute  gastritis.  These  symptoms  recurred  during 
•  AmcT.  Medicine,  March  5,  1904. 
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five  weeks,  when  he  came  under  the  care  of  the  author.  There  was 
pain  in  various  parts  of  the  abdomen,  above  and  below,  as  well  as  in, 
the  lumbar  region.  His  liver  was  enlarged  and  the  spleen  just  ])alpable. 
The  abdomen  was  uniformly  distended  by  tympany.  There  was  also 
pain  along  the  crest  of  the  ileum.  Toward  the  end  of  November,  1901, 
the  patient  was  moderately  febrile  and  had  marked  anemia ;  epistaxis 
and  bleeding  from  the  gums  now  developed,  while  the  lymphatic  glands 
were  enlarged.  There  was  marked  tenderness  in  various  bones.  The 
spleen  had  increased  somewhat  in  size.  At  this  time  the  number  of 
leukocytes  was  50,000;  the  red  corpuscles,  2,800,000  ;  the  hemoglobin, 
48  per  cent.  The  differential  count  showed  small  lymphocytes  4  per 
cent.,  large  mononuclear  84  per  cent.,  eosinophiles  3  per  cent.,  myelo- 
cytes 1  per  cent.,  polymorphonuclear  neutrophiles  8  per  cent. ;  and  also 
numerous  nucleated  red  corpuscles,  chiefly  megaloblasts,  many  of  which 
showed  raytoses.  On  the  day  following  this  examination,  in  attempting 
to  walk  to  the  bath  room  he  fainted  and  fell  ;  later  vomited  bile-stained 
mucus,  containing  small  clots  of  blood.  Death  occurred  the  next  day. 
At  the  autopsy  the  spleen,  which  was  10  cm.  by  15  cm.,  soft,  pulpy 
in  consistence,  showed  two  tears  about  3  cm.  in  length,  extending  deeply 
into  the  substance  and  coated  with  lymph.  Also  there  was  a  small 
circular  area  of  necrosis  about  Ih  cm.  in  diameter,  the  base  and  edges 
of  which  were  coated  with  lymph.  The  bone-marrow  of  the  ribs  and 
sternum  were  reddish  gray,  and  on  histologic  examination  showed  not  a 
single  granular  cell. — Ed.] 

Sometimes  the  course  is  so  altered  by  an  added  septic  infection  that 
all  the  evidences  of  leukemia  disappear  in  a  few  days.  This  condi- 
tion has  been  thoroughly  studied,  especially  by  Fraenkel  in  2  cases,  one 
of  which  succumbed  to  infection  with  the  Staphylococcus  albus,  the 
other  with  the  Bacterium  coli.  Under  the  temperature  variations  the 
spleen  and  lymph  glands  decrease  to  about  normal  size.  At  the  same 
time  the  number  of  white  blood-corpuscles  in  the  circulation  sinks  to 
about  normal.  This  diminution  sometimes  affects  all  varieties  of  leu- 
kocytes, both  lymphocytes  and  polynuclear  leukocytes,  though  the 
former  to  a  greater  extent ;  in  other  cases  only  the  lymphocytic  in- 
crease disappears,  and  its  place  is  taken  by  a  moderate  polynuclear 
leukocytosis.  Everything  goes  to  prove  that  the  diminution  in  leuko- 
cytes is  to  be  referred  to  an  enormous  destruction  of  these  cells  and  the 
excretion  of  their  metabolic  products,  since  tlio  simultaneous  decrease 
in  size  of  the  lymphatic  structures  can  be  explained  in  no  other 
way. 
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PATHOLOGIC  ANATOMY. 


GROSS   ANATOMY. 


Hemorrhages. — The  most  widespread  alterations  are  the  hem- 
orrhages found  in  the  skin,  the  exposed  mucous  membranes,  the  retina, 
the  serous  membranes  (pleura,  peritoneum,  pericardium),  and  the  mucous 
membrane  of  the  whole  intestinal  tract  and  urinary  passages,  particu- 
larly the  pelvis  of  the  kidney  and  the  bladder.  Not  rarely,  too,  we  find 
hemorrhages  in  the  brain,  which  when  small  may  give  rise  to  no  symp- 
toms, but  if  located  in  the  motor  region,  may  produce  hemiplegia  or 
other  paralyses. 

The  lymphatic  accumulations  in  the  internal  organs  are  less  striking 
than  those  ordinarily  seen  in  chronic  lymphemia.  The  lymph  glands 
are  invariably  enlarged.  The  degree  of  swelling  varies  within  wide 
limits,  as  we  have  shown  in  the  clinical  description.  Their  appearance 
is  marrow-like,  white,  and  their  consistence  hard,  provided  the  tumors 
are  not  large.  Smaller  glands  are  usually  reddish  gray.  Hemorrhage 
into  the  glandular  substance  is  common,  and,  on  account  of  its  rarity 
under  other  circumstances,  is  quite  characteristic.  Retrogressive  changes 
scarcely  ever  occur.  The  rare  abscess  formations  are  to  be  referred  to 
secondary  infection. 

In  the  minority  of  cases  the  Spleen  is  normal  in  size  and  appear- 
ance ;  usually  a  moderate  enlargement  is  found.  Only  very  rarely,  and 
then  almost  exclusively  in  small  children,  is  the  tumor  large,  reaching 
sometimes  the  largest  size  observed  in  clironic  leukemia.  The  color  of 
the  cut  section  is  grayish  red  to  brownish  red,  the  follicles  usually  being 
enlarged,  often  sharply  limited,  though  more  frequently  undefined  and 
washed  out.  The  consistence  is  commonly  soft,  sometimes  almost  dif- 
fluent. Infarcts  showing  a  hard  consistence  are  occasionally  found,  and 
apparently  more  frequently  in  these  rarer  cases  (Gliiser,  Symes-Wadham). 

The  practically  constant  changes  of  the  bone -marrow  are  espe- 
cially striking.  In  the  long  tubular  bones  it  is  almost  always  trans- 
formed into  a  rich  cellular  marrow,  which  does  not  show  the  regular 
alteration  found  in  chronic  lymphatic  leukemia.  The  metamorphosis 
usually  affects  the  tubular  bones  throughout  their  whole  extent,  yet 
sometimes  individual  parts  (e.  g.,  one-half  of  the  femur  diaphysis)  are 
spared,  and  show  a  normal  fat-marrow.  The  appearance  is  frequently 
deep  red  and  of  soft  gelatinous  consistence  (raspberry  or  currant-jelly- 
like), more  rarely  grayish  to  red  gray  and  firmer,  like  the  marrow  of 
chronic  lymphemia.     Greenish-yellow  patches,  resembling  pus,  some- 
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times  occur  and  suggest  the  finding  in  chloroma.  Irregularly  distrib- 
uted hemorrhages  vary  the  color  and  make  the  picture  more  striking. 

It  is  noteworthy  that  it  is  not  only  tlie  marrow  of  young  persons 
and  the  fat-marrow  of  adults  that  imdergo  this  transformation,  but 
it  occurs  even  in  that  of  old  people,  as  can  be  seen  from  Pineles'  case 
(a  seventy-three-year-old  woman). 

The  alteration  of  the  marrow  is  most  evident  in  the  long  tubular 
bones,  where  it  appears  to  be  most  marked,  while  the  normal  red  mar- 
row of  the  short  and  flat  bones  is  usually  pale,  or  light  brown  to  brick 
red  in  color. 

Among  the  other  lymphatic  structures  of  the  body,  the  most  constant 
enlargement  is  seen  in  those  of  the  intestine.  A  certain  amount  of 
swelling"  of  the  tonsils  is  almost  always  observed.  This  consists 
in  an  overgrowth  of  the  lymphadenoid  tissue,  supplemented  by  hemor- 
rhages. Not  rarely,  too,  we  find  deep-seated  necroses,  the  origin  of 
which  we  will  study  more  closely  later. 

Just  as  in  the  tonsils,  swelling  of  all  the  other  lymphatic  structures 
of  the  tongue,  palate,  etc.,  occurs.  Moreover,  lymphadenoid  nodes 
are  sometimes  observed  in  situations  where  normally  none  was  espe- 
cially noticeable,  and  they  are,  tlierefore,  to  be  placed  in  the  category  with 
the  scattered  lymphomata  generally  (in  the  kidney,  liver,  etc.).  For  in- 
stance, Askanazy  describes  nodules  extending  into  the  musculature  of 
the  tongue,  as  well  as  others  in  the  uvula.  Among  the  most  frequent 
seats  of  lymphatic  deposits  are  the  gums,  especially  of  the  lower 
incisors.  The  pharynx  and  esophagus  seemingly  rarely  manifest 
lymphatic  growths ;  in  fact,  hemorrhages  appear  to  be  the  only  sign  of 
leukemic  change  in  them. 

In  the  stomach  and  small  and  large  intestines,  on  the  con- 
trary, collections  of  lymphadenoid  tissue  are  frequent.  The  situation  of 
these  nodules  varies,  in  that  in  one  case  the  stomach  and  large  intestine, 
in  another,  the  small  intestine  or  even  smaller  sections  of  the  tract,  are 
alone  or  predominantly  affected.  Here,  as  in  the  mouth,  there  exists  a 
tendency  to  superficial  necrosis  with  the  subsequent  formation  of  ulcers 
surrounded  by  a  marrow-like  border,  which  when  located  at  the  sites 
of  predilection  of  typhoid  ulcers  may  give  rise  to  serious  diagnostic 
difficulties. 

[In  Dorothy  Reed's  case  the  prevertebral  hemolymph  nodes  were 
found  dark  red  in  color,  but  not  enlarged. — Ed.] 

Other  lymphatic  dej)osits  are  found  now  and  then  in  all  the  organs 
of  the  })ody,  especially  in  tlie  large  glands  of  the  abdomen,  as  the 
liver  and  kidneys.      The  lymphomata  found  iiere  are  often  so  small 
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as  to  be  unrecognizable  to  the  naked  eye.  Yet  even  these  very  small 
microscopic  collections  of  lymphocytes  when  widespread  are  capable 
of  producing  the  picture  of  general  swelling  and  hyperplasia.  Postmor- 
tem the  thymus  is  always  })resent,  and  frequently  in  a  condition  of 
great  enlargement  (Keimann,  Brandenburg),  a  fact  which  seems  to  be  of 
importance  on  account  of  the  evidence  that  this  organ  is  the  first  store- 
house of  leukocytes,  even  before  a  place  of  formation  exists  elsewhere 
(Beard). 

In  addition  to  the  alterations  produced  by  the  hemorrhages  and  the 
lymphatic  deposits,  we  frequently  find  degenerative  processes  in  the 
parenchymatous  organs  and  sometimes  even  in  the  muscles  and  nerves. 

A  constant  symptom  is  the  disappearance  of  the  subcutaneous  fat. 
In  like  manner  fatty  metamorphoses  of  the  heart  muscle,  sometimes 
reaching  a  higli  grade,  are  frequent.  Parenchymatous  hepatitis  and 
fatty  degeneration  of  the  liver  are  rare,  and  acute  hemorrhagic  nephritis 
(Kiihnau)  is  exceptional.  Foci  of  degeneration  have  several  times  been 
found  in  the  cerebml  nerves,  especially  the  branches  of  the  facial  and 
auditory.  Hemorrhages  into  the  eye  may  be  considered  the  rule,  and 
hemorrhages  and  lymphatic  infiltration  of  the  labyrinth  and  the  tymjjanic 
cavity  are  frequent  (Schwabach).  As  an  occasional  complication,  we 
may  mention  endocarditis  (Englisch,  Pollmann,  Senator,  Cameron,  and 
Sanger). 

HISTOLOGIC  ANATOMY. 

The  histology  of  the  acute  lymphatic  deposits  is  absolutely  uniform. 
In  the  peculiar  lymphatic  structures  (lymph  glands  and  follicles  of  the 
intestinal  tract),  as  well  as  in  the  spleen,  bone-marrow,  and  other 
organs,  the  leukemic  cell  accumulations  consist  of  lymphocytes  exactly 
similar  to  those  in  the  circulating  blood. 

The  histologic  structure  of  the  lymph  glands  alters  considerably 
from  the  normal.  The  internal  structure  of  the  gland,  so  far  as  the 
differentiation  of  lymj)h  vessels  and  the  cell-producing  jiarenchyma  is 
concerned,  is,  to  a  certain  extent,  retained,  but  the  cellular  part  exceeds 
by  far  the  vascular  stroma.  In  the  arrangement  of  the  cells  the  alter- 
ation is  marked.  While  the  normal  gland  shows  only  scattered  foci  of 
active  cell  proliferation  here  and  there  within  the  medulla  (the  so-called 
germinating  centers),  in  acute  leukemia  the  gland  is  transformed  into  a 
uniforndy  proliferating  focus,  which  contains  only  a  very  small  propor- 
tion of  typic  small  lymphocytes  at  rest,  and  consists  almost  exclusively 
of  large  lymph  cells  in  active  mitosis  (Benda's  lymphogonies).  In 
other  words,  the  whole  gland  takes  on  the  histologic  character  of  the 
germinating  center  (Keimccntrum,  Benda).     There  appears  to  be  an 
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extremely  lively  discharge  of  lymphocytes  into  the  blood,  so  that  no 
collection  of  lymphocytes  occurs  in  the  depots  surrounding  the  germi- 
nating centers  from  which  normally  the  small  lymphocytes  are  forced 
into  the  blood  by  simple  centrifugal  pressure.  The  slight  overgrowth 
of  the  glands,  in  comparison  with  the  rapid  increase  of  lymphocytes  in 
the  blood,  speaks  likewise  for  this  conclusion.  The  principal  cells 
manufactured  by  the  gland  are  large  mononuclear  forms  with  a  very 
small  amount  of  protoplasm.  They  resemble  in  every  way  the  large 
lymphocytes  already  described.  The  nucleus  stains  faintly,  but  shows 
(especially  with  hematoxylin)  a  rough  chromatic  network.  The  pro- 
toplasm takes  up  the  basic  anilin  dyes  more  or  less,  stains  very  feebly 
with  acid  dyes,  and  is  composed  of  a  loose  honeycomb  mesh,  which 
sends  out,  here  and  there,  jagged  short  projections. 

The  structure  of  the  enlarged  lymph  follicles  of  the  intestinal  tract, 
and  the  so-called  "  metastatic "  lymphomata  located  especially  in  the 
parenchymatous  organs,  though  also  in  other  places  where  no  accunm- 
lations  of  lymphadenoid  tissue  are  ordinarily  seen,  resembles  exactly 
the  structure  of  these  glands.  Histologic  examination  frequently  shows 
that  the  lymphatic  infiltration  is  far  more  extensive  than  would  have 
been  supposed  from  the  naked-eye  appearance. 

In  the  mucous  membranes  the  lymph  nodules  often  extend  quite  to 
the  epithelium  above  and  to  the  musculature  below.  Moreover,  they 
are  composed  of  the  same  lymphocytes,  frequently  fully  developed,  as 
are  found  in  the  blood.  These  lymph-cell  accumulations  are  located 
about  the  vessels  and  often  within  their  walls.  Their  size  varies  from 
the  smallest  nodules  to  large  tumors,  visible  to  the  naked  eye. 

These  conditions  are  especially  evident  in  the  abdominal  organs, 
particularly  the  liver,  divided  as  it  is  by  its  vessels  into  so  many 
sharply  separated  regions.  In  the  liver  the  cell  accumulation  begins 
about  the  branches  of  the  portal  vein,  therefore  between  the  acini,  where 
small  lymphomata  are  built  up.  Still,  here  and  there,  even  if  not  con- 
stantly, the  lymph  cells  force  tliemselves  into  the  center  of  the  liver 
lobule,  and  in  this  way  produce  an  undefined  boundary  which  has 
always  been  considered  as  an  especial  characteristic  of  leukemic  tumors. 

These  lymjihomata  undergo  secondary  alterations  referable  partly  to 
peculiarities  of  leukemia,  partly  to  external  agencies — in  other  words, 
to  the  two  conditions  mentioned  before  as  peculiarities  of  this  disease — 
namelv,  hemorrhage  and  ulceration. 

Hemorrhage  is  frequent  from  even  apparently  licaltliy  sui-faces — 
for  instance,  the  pale,  non-swollen  gums,  the  palate  and  all  the  other 
localities  mentioned  before.      It  is  likewise  quite  as    frequent    in    the 
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grossly  altered  lymphuiiuitous  tissue.  The  microscope  shows  both  vari- 
eties to  be  due  to  the  same  cause,  for  wherever  we  find  hemorrhage  we 
find,  too,  an  accumulation  of  lymphocytes  about  the  vessel  wall,  from 
which  we  conclude  that  an  injury  to  the  vessel  is  first  brought  about  by 
tlie  lymphoma  formation  in  its  wall  (Benda).  No  other  alterations  of 
the  vessels  that  are  readily  capable  of  producing  rupture  are  known. 
The  direct  cause  of  the  hemorrhage  must  be  sought  in  trauma  in  the 
widest  sense  of  the  term,  the  further  influence  of  which  on  the  altered 
tissue  we  will  study  later. 

Necroses  and  Ulcerations. — According  to  their  location,  we 
differentiate  two  varieties :  necroses  of  the  mucous  membrane  and  of 
the  external  skin.  The  former  have  been  thoroughly  described  by 
Askanazy.     Two  forms  are  distinguished  : 

Superficial  erosions  at  the  site  of  a  hemorrhage  (described  by  Aska- 
nazy in  the  stomach).  Since  an  infiltration  with  lymphocytes  is  usually 
found  at  the  site  of  a  hemorrhage,  this  variety  of  ulceration  differs  from 
the  following  only  in  that  the  hemorrhage  injures  the  tissue  still  more 
and  brings  about  a  loss  of  the  epithelial  covering. 

Ulceration  at  the  site  of  an  infiltration,  seen  with  especial  frequency 
in  the  mouth.  Here  we  see  the  gums,  according  to  Askanazy's  S2)lendid 
description,  uniformly  packed  from  the  epithelium  down  to  the  perios- 
teum with  large  mononuclear  round  cells,  the  vessels  being  filled  with 
lymphocytes.  The  epithelium,  thinned  and  desquamated,  consists  of 
cells  loosely  attached  to  one  another,  and  is  infiltrated  Avith  polynuclear 
pus  cells  (and  eventually  also  with  mast  cells).  In  isolated  places  the 
tissue  is  necrosed  throughout  its  whole  extent.  These  s])ots  frequently 
remain  covered  by  epithelium  and  papillte  and  lie  sharply  defined  in  the 
midst  of  the  lymphocytic  collections.  The  necrotic  portion  shows  a 
diffuse  staining,  and  is  separated  from  the  surrounding  tissue  by  a  zone 
of  nuclear  debris.     The  marginal  parts  are  filled  with  bacteria. 

These  necroses  are  the  result  of  slight  mechanic  injuries,  such  as  are 
continually  occurring  in  the  mouth,  and  inflanitnatory  excitants  which 
gain  entrance  through  tlie  tense,  partially  defective  epithelium.  After 
the  discharge  of  this  surface  necrosis  an  ulcer  remains. 

These  ulcers,  following  necrosis  of  lymphadenoid  tissue  which,  with 
the  hemorrhages,  constitute  the  characteristic  peculiarity  of  acute  leu- 
kemia, are  located  almost  exclusively  on  the  mucous  membrane  of 
the  digestive  tract  and  of  the  nasopharynx.  They  also  occur  in  the 
lymphomata,  arising  from  ])revionsly  formed  lyni])li  nodules,  like  those 
in  certain  places  in  the  mucosa  ;  in  fact,  between  these  two  varieties 
there  is  no  particular  difference,  either  in  structure  or  in  origin. 
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The  mucous  membranes  of  the  mouth,  especially  of  the  gums,  the 
cheeks,  the  soft  palate  and  the  uvula,  exposal  as  they  are  to  numerous 
injuries,  are  very  frequently  affected.  Not  at  all  rarely  the  ulcers  ex- 
tend over  a  large  portion  of  the  intestine,  showing  a  special  predilection 
for  certain  parts,  though  this  varies  in  different  cases — now  a  section 
of  the  small  intestine  suffering,  again  the  large  intestine. 

Rarer  than  the  ulceration  of  the  mucous  membrane,  but  by  far  more 
deep-seated,  are  the  necroaes  and  ulcers  of  the  skin.  They  occur  either 
at  sites  of  previous  cutaneous  hemorrhage,  especially  on  parts  exposed 
to  pressure  (the  buttock),  or  on  parts  subjected  to  gross  mechanic  injury, 
as  by  a  vesicant  (Leube  and  Fleischer),  but  also  elsewhere  on  the  body 
(the  face).  Following  the  rupture  of  the  skin,  extensive  loss  of  sub- 
stance takes  place.  Histologic  investigations  as  to  their  mode  of  origin 
are  yet  wanting.  From  the  analogy  of  ulceration  elsewhere  in  leukemia, 
it  is  probable  that  the  necrosis  and  ulceration  develop  in  lymphatic 
deposits  following  hemorrhage.  It  is  likewise  possible  that  their  origin 
is,  to  a  certain  extent,  similar  to  that  of  the  abscesses  which  Benda 
found  as  a  result  of  secondary  infection  in  the  midst  of  lymphomata 
of  the  kidneys — in  other  words,  the  cause  may  really  lie  in  an  acci- 
dental injury. 

The  spleen  presents  almost  the  same  appearance  as  the  hyperplastic 
lymph  glands.  Its  normal  structure  is  more  or  less  obliterated.  The 
undefined  borders  of  the  Malpighian  bodies  are  frequently  noticeable, 
even  to  the  naked  eye,  and  become  even  more  conspicuous  under  the 
microscope.  The  scraped  preparation  shows  the  different  large  mono- 
nuclear round  cells  usually  in  the  same  quantitative  proportions  as  in 
the  blood.  Other  elements  (mast  cells,  neutrophile  leukocytes)  are 
scanty.  On  microscopic  section  the  similarity  with  the  lymph  glands 
is  very  marked  ;  the  whole  organ  is  packed  with  lymphocytes  which 
are  similar,  both  in  shape  and  appearance,  to  those  of  the  lym]>h  glands. 
Only  here  and  there  do  we  find  normal  splenic  parenchyma  with  evi- 
dent follicles. 

The  bone-marrow  is  of  much  greater  interest  than  the  organs  so  far 
described ;  in  fact,  in  its  alteration  the  basis  of  the  leukemia  has  often 
been  sought. 

Roughly  speaking,  the  marrow  is  composed  entirely  of  cell  aceunui- 
lations.  Some  of  these  cells  are  represented  by  the  red  blood-corpus- 
cles and  their  advance  stages,  which  are  always  present,  yet  these  are 
of  no  special  interest,  since,  apart  from  a  possible  diminution  in  number, 
they  manifest  no  alteration,  either  in  form  or  otherwise.  The  other 
cellular  elements,  on  the  contrary,  are  of  the  greatest  importance.     Fre- 
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queutly  only  scanty  numbers  of  the  typic  marrow  elements,  the  neu- 
trophile  myelocytes,  are  found,  while  small  and  large  lymphocytes, 
represented  by  mononuclear  non-granular  cells,  typic  in  form  and  agree- 
ing in  every  particular  with  the  lymphocytes  in  the  circulating  blood, 
constitute  practically  the  whole  mass. 

The  changes  in  the  marrow,  therefore,  as  in  the  other  organs,  con- 
sist in  a  unique  hyperplasia  of  the  lymphocytes,  which  almost  com- 
pletely replace  all  the  other  tissue — in  other  words,  we  find  an  actual 
"  lymphoid  "  marrow. 

The  functionating  parenchyma  of  the  bone-marrow  remains  a  non- 
participant  in  the  whole  process  till  the  cells  are  forced  into  it  by 
mechanic  pressure,  just  as  in  other  organs — c.^.,  the  liver  and  kidney, 
the  parenchymatous  cells  take  no  part  in  the  proliferative  process,  though 
the  lymphatic  tissue  may  have  penetrated  between  them.  How  small  the 
number  of  remaining  marrow  cells  (myelocytes,  Ehrlich)  can  be  is 
shown  by  the  enumerations  made  with  scrapings  of  the  marrow  (Bradford 
and  Shaw).  In  1  case  these  showed  0.2  per  cent,  of  neutrophile  polynu- 
clear  cells,  0.2  per  cent,  of  myelocytes,  and  99  per  cent,  of  large  and 
small  lymphocytes.  This  metaplasia  seems,  in  fact,  to  be  the  rule. 
Nevertheless,  lesser  grades  occur,  as  is  readily  proved  by  the  cases  in 
which  remnants  of  the  normal  fatty  marrow  may  yet  be  seen.  Further 
cases  have  been  described  (Benda)  in  which  a  uniform  hyperplasia  of  all 
the  leukocytic  elements  apparently  took  place,  so  that  an  increase  of 
mononuclear  neutrophile  myelocytes  was  found,  in  addition  to  that  of 
the  lymphocytes. 

The  clinical  expression  of  this  alteration  of  the  bone-marrow  is 
found  in  the  blood,  since  the  diminution  in  the  polynuclear  neutrophile 
cells  is  to  be  attributed  to  the  limitation  of  their  site  of  manufacture 
in  the  bone-marrow.  An  organ  producing  normally  red  blood-corpus- 
cles and  polynuclear  leukocytes  becomes  now  a  soui'ce  of  lymphocytes. 
Still,  the  function  of  whatever  remains  of  the  normal  marrow  tissue  is 
not  abrogated,  as  is  evident  from  occasional  suppuration,  which  always 
contains  the  typic  constituents  of  pus — namely,  the  polynuclear  neu- 
trophile granular  cells.  In  fact,  in  spite  of  its  lessened  number  of 
myelocytes,  there  appears  to  be  sometimes  a  peculiar  pathologic  wash- 
ing-out of  the  bone-marrow,  since  in  some  cases  a  small  percentage 
of  neutrophile  myelocytes  (up  to  J  per  cent.)  is  found  (Bradford 
and  Shaw). 
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HISTOGENESIS. 

Having  studied  the  histology  of  the  organic  changes  in  acute  leu- 
kemia, the  question  arises,  How  do  the  lymphomata  and  the  blood- 
alterations  originate  ?  The  fact  that  we  have  to  do  with  a  pure  lympho- 
cytic affection  simplifies  the  matter  considerably.  As  a  matter  of  fact, 
there  is  only  one  point  to  settle — namely,  whether  the  bone-marrow, 
which  always  participates,  acts  as  the  starting-point  of  the  leukemia 
(Neumann),  or  whether  we  have  to  do  with  a  regularly  widespread 
tendency  to  hyperplasia  of  the  lymphatic  tissue  (Ehrlich).  In  deciding 
this  question  we  must  remember  that  in  all  cases  in  which  the  bone- 
marrow  alone  seemed  to  show  evident  changes,  the  remaining  lymphatic 
structure  was  not  entirely  intact.  The  very  rapid  increase  in  the  lympho- 
cytosis supports  the  conclusion  that  the  failure  of  enlargement  of  the 
lymph  glands  and  spleen  is  due  only  to  the  prompt  discharge  of  the 
newly  formed  cells,  and  so  the  physiologic  compensation  which  would 
be  demonstrated  in  a  swelling  of  the  glands  is  prevented.  The  evi- 
dence from  the  histologic  examination  is  sufficient  to  show  that  there 
is  a  decided  increase  in  cellular  formation  in  the  lymph  glands  and  the 
other  lymphatic  structures,  even  though  they  are  not  enlarged.  As  a 
matter  of  fact,  no  case  has  been  impartially  described  which  was  purely 
"  medullary."  [In  the  light  of  more  recent  publications,  this  state- 
ment can  not  be  accepted,  even  though  newly  formed  elements  in  the 
lymphatic  glands  and  spleen  are  discharged  into  the  blood  with  great 
rapidity.     Some  evidence  would  surely  remain. — Ed.] 

Moreover,  on  the  whole,  this  question  is  of  but  little  importance  at 
the  present  time,  since  neither  view  adds  anything  to  the  explanation  of 
the  pathogenesis  of  leukemia. 

The  only  important  point  is  the  fact  that  we  are  dealing  with  lympho- 
cytes. From  our  knowledge  of  these  cells  is  derived  all  that  we  know 
about  the  histogenesis  of  the  disease.  First,  the  lymphocytes  are  not 
wandering  cells  and  stand  in  no  relationship  to  the  wandering  cells. 
They  are  unable  to  leave  the  vessels  by  their  own  power,  and  are  like- 
wise unable  to  collect  of  their  own  accord  about  particular  sites.  They 
escape  from  the  circulation  into  the  tissues  only  mechanically — i.  e., 
only  after  injury  to  the  vessel  wall.  Moreover,  it  has  not  been  proved 
that  these  extravasated  cells  continue  to  live  and  proliferate  so  as  to 
play  any  considerable  role  in  the  lymphomatous  tissue  formation  (after 
the  fashion  of  metastases).  On  the  contrary,  we  have  the  best  of 
grounds  for  believing  that  the  accumulations  of  lymphocytes  in  every 
location  are  the  result  of  cell  proliferation  in  previously  existing  small 
lymphatic  nodules  found  even  in  many  normal  organs  (Ribbert),  and 
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that  all  these  lymphomata,  no  matter  where  situated,  whether  in  glands, 
the  spleen,  the  bone-marrow,  the  liver,  the  kidneys,  the  skin,  etc.,  dis- 
charge cells  into  the  blood,  while  the  reverse — namely,  the  deposition 
of  lymjihomatous  masses  from  the  blood,  does  not  occur  (Pinkus). 

We  are  unable  here  to  go  into  all  the  evidence  for  this  theory,  since 
the  greater  part  is  taken  not  from  acute  leukemia,  but  partly  from 
chronic  lymphatic  leukemia  and  partly  from  the  ordinary  inflammatory 
round-cell  infiltration.  We  will  mention  only  the  fact,  which  is  easily 
confirmed  in  these  cases,  that  the  development  of  lymphomata  takes 
place  in  situ,  as   is  proved  by  the  numerous  mitoses  not  rarely  seen. 

Yet,  in  spite  of  this  mitotic  increase,  we  find  almost  unexception- 
ally  only  very  small  collections  of  lymph  cells,  though  the  duration  of 
the  disease  might  readily  lead  us  to  expect  the  reverse.  Still,  as  the 
small  size  of  the  lymph  glands  is  explained  by  the  rapid  discharge  of 
their  elements  into  the  blood,  so  we  can  explain  the  small  size  of  the 
multiple  lymphomata.  Moreover,  from  this  discharge  of  lymph  cells 
from  all  parts  of  the  body  we  have  the  simplest  explanation  of  the  not 
infrequent  rapid  increase  of  lymphocytes  in  the  blood. 

The  transition  of  lymphocytes  into  polynuclear  leukocytes  has  f?o  far 
never  been  observed,  and  Benda's  assumption  of  such  a  transition  from 
the  occurrence  of  abscesses  made  uj)  of  polynuclear  leukocytes,  in  the 
midst  of  renal  lymphomata,  has  long  since  been  controverted  by  the 
demonstration  of  constant  polynuclear  suppuration,  even  in  the  most 
severe  cases  of  lymphemia. 

ETIOLOGY. 

The  whole  picture  and  the  rapid  incurable  course  of  acute  leukemia 
give  the  impression  of  an  acute  infectious  disease.  Moreover,  the 
unique  pathologico-anatomic  finding,  the  accumulations  of  lymphocytes, 
which  serves  as  a  base  for  all  the  other  appearances,  is  not  against  such 
an  assumption.  From  its  first  description,  therefore,  proofs  have  been 
sought  for  this  view,  and  isolated  findings  of  bacteria  seemed  to  support 
it.  Yet,  on  critical  examination,  the  proofs  have  always  been  found 
insufficient.  The  only  fact  demanding  earnest  consideration  is  the  fre- 
quently quoted  observation  of  Obrastzow,  who  saw  the  disease  break 
out  in  a  nurse  a  short  time  after  caring  for  a  fatal  case  of  acute 
leukemia.  Still,  in  this  case  the  possibility  of  an  accidental  coin- 
cidence can  not  be  excluded,  since,  with  the  exception  of  a  few 
instances  in  families,  referred  to  under  Pseudoleukemia  (p.  624),  the 
occurrence  has  never  been  re])eated,  even  after  the  closest  contact. 
Moreover,  in  Askanazy's  case  in  a  pregnant  woman,  the  child  was  not 
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affected.^  Further,  the  occurrence  of  acute  leukemia  in  isolated  cases 
in  the  newborn  speaks  against  infection,  although,  apart  from  the  pos- 
£;ibi]ity  of  infection  intra  partiim,  there  is  always  the  question,  Whether, 
with  the  liability  of  the  leukocytic  apparatus  in  the  newborn,  the  altera- 
tions in  the  blood  and  organs  have  the  same  significance  as  in  adults? 

Recently,  the  question  of  the  excitant  and  the  manner  of  infection 
in  leukemia  seemed  to  be  decided  by  Lowit.  We  will  go  into  his  work 
more  in  detail  in  chronic  leukemia,  and  here  only  refer  to  what  applies 
to  acute  leukemia.  L5wit  believes  that  he  is  able  to  demonstrate,  by  a 
particular  staining  method,  peculiar  characteristic  forms  in  the  lympho- 
cytes (usually  in  their  nuclei),  which  he  describes  as  unicellular  animal 
organisms  or  hemamebse.  They  are  found  more  frequently  in  the  blood- 
making  organs  (lymph  glands,  spleen,  bone-marrow)  than  in  the  blood 
itself,  and  usually  in  fully  virile — in  fact,  frequently  mitotic — cells, 
while  they  are  wanting  in  those   which  show  degeneration. 

Thus  we  stand  at  the  beginning  of  our  knowledge  in  the  investiga- 
tion of  the  excitant  of  acute  leukemia.  Even  in  relation  to  the  predis- 
posing factors,  our  knowledge  is  still  quite  limited.  It  is  more  fre- 
quently seen  in  youth  and  in  the  male  sex  (see  p.  549),  a  fact  which 
we  will  recur  to  in  discussing  chloroma.  Lymphatic  leukemia  in  chil- 
dren seems  usually  to  run  a  more  rapid  course.  As  a  rule,  no  particular 
injurious  influence  can  be  demonstrated.  The  patients  are  usually  in 
good  circumstances  and  are  not  exposed  to  overwork.  Various  things 
have  been  mentioned  as  preceding  the  acute  onset  of  acute  leukemia ; 
for  instance,  once  (as  in  scorbutus)  a  diet  devoid  of  vegetables  (Brad- 
ford and  Shaw)  ;  and  several  times  severe  anemia,  debilitating  nursing, 
and  influenza  (Litten). 

It  is  possible  that  in  these  cases  the  exciting  factors  of  leukemia 
developed  (Neumann)  from  an  increased,  or  perhaps  even  a  specific,  irrita- 
tion, the  result  of  the  simple  reparative  hyperplasia  of  the  blood-making 
organs  (particularly  the  bone-marrow).  In  support  of  this  view  cases 
are  described  in  which  a  severe  anemia  became  transformed  into  acute 
leukemia.  Strauss  especially  advocates  this  view  and  regards  the  relative 
lymphocytosis  in  pernicious  anemia  (noted  in  this  volume)  as  a  further 
indication  that  this  disease  may  be  a  preceding  stage  of  lymphatic  leu- 
kemia.    Still  another  support  for  this  theory  is  found  in  the  assumption 

^  No  positive  decision  can  he  arrived  at  as  to  the  kind  of  leukemia  in  the  cases  of 
Sanger  and  Cameron,  in  which  the  children  of  mothei-s  aflected  with  chronic  leukemia 
were  horn  healthy,  yet  we  are  assured,  at  least,  that  there  was  no  transference  of  the 
disease  from  mother  to  child.  No  special  conclusion  can  he  drawn  from  the  death  of 
the  child  immediately  subsequent  to  nursing  from  its  leukemic  mother  in  Cameron's 
case. 
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of  a  common  origin — that  is,  a  common  development  stage  for  the  lym- 
phocytes and  the  i*ed  blood-corpuscles.  This  common  origin  is,  however, 
not  proved  and  is  likewise  improbable.  The  elucidation  of  this  diffi- 
cult ])roblein  recpiires  much  more  thorough  investigation.  Every  new 
work  opens  up  new  points  of  view  (Brandenburg,  Niigeli,  Loewy  and 
Schur,  Paviot),  which  show  the  defectiveness  of  our  knowledge  in  regard 
to  the  round  cells  of  the  bone-marrow. 

DIAGNOSIS. 

From  the  numerous  observations  published  in  the  last  ten  years, 
acute  lymphatic  leukemia  is  no  rarer  than  the  other  varieties  of  leu- 
kemia. In  fact,  from  recent  studies,  it  is  probable  that  not  a  few  cases 
have  been  described  as  severe  purpura,  scorbutus,  morbus  Werlhofii  and 
the  like,  which  were  really  acute  leukemia.  This  idea  is  supported  by 
the  frequent  cases  of  purpura  in  which  a  more  or  less  high  grade  of 
leukocytosis  is  found  in  the  blood  (Denys). 

The  most  important  factor  in  the  diagnosis  is  the"  positive  evidence 
of  the  blood-alteration.  For,  on  the  one  hand,  there  are  cases  with 
hemorrhages  from  the  skin  and  mucous  membranes  which  are  distin- 
guishable only  by  the  normal  appearance  of  the  blood,  and,  on  the 
other,  a  series  of  cases  in  which  after  an  aleukemic  course  (or,  more 
accurately,  cases  Avhich  seem  to  be  only  severe  anemia)  a  marked  leu- 
kemic change  suddenly  occurred  in  the  blood  shortly  before  death, 
unannounced  by  any  new  clinical  symptom  (KormSczi). 

When  typic  symptoms  are  present  in  a  marked  degree,  as,  for  in- 
stance, an  immense  splenic  tumor,  intense  glandular  swelling,  advanced 
alterations  in  the  mucous  membrane  of  the  gums  or  mouth,  associated 
with  a  striking  ])all()r  and  puffiness  of  the  face,  severe  hemorrhages  asso- 
ciated with  irregular  fever  or  none,  it  is  easy  from  the  clinical  symptoms 
alone  to  exclude  the  similar  diseases  that  may  come  into  consideration 
(typhoid  fever,  scorbutus,  trichinosis)  and  arrive  at  a  proper  diagnosis. 
Bradford  and  Shaw  contend  that  after  diagnosing  their  first  case,  all 
others  were  readily  recognized. 

If  these  symptoms  are  less  in  degree,  it  is  impossible  from  them 
alone  to  make  a  diagnosis.  There  is  only  one  sign  on  which  the  diag- 
nosis can  be  based  with  certainty — namely,  the  appearance  of  the  blood, 
A  marked  and  progressive  increase  of  lymphocytes  (see  table,  p.  555) 
occurs  only  in  lympiiatic  leukemia,  though  naturally  in  the  chronic  as 
well  as  in  the  acute  form — which  makes  it  impossible,  from  the  blood- 
finding  alone,  to  separate  these  two.  It  is  true  that  for  a  time  the  large 
size  of  the  cells  in  this  lymphocytic  increase  was  regarded  as  indicative 
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of  acute  leukemia  and  of  acute  exacerbations  of  chronic  leukemia ;  but 
after  acute  leukemias  with  an  exclusive  increase  of  the  small  variety  were 
recognized,  and  chronic  cases  with  au  increase  of  the  large  cells,  this  dif- 
ferentiation lost  its  decisive  character  (A.  Fraenkel).  Among  the  clinical 
differences  we  find  that  the  general  aspect,  the  slight  swelling  of  the 
spleen  and  the  glands,  the  rapid  course  with  hemorrhage  and  ulceration, 
make  the  differentiation  from  chronic  leukemia  sufficiently  marked,  yet 
such  a  differentiation  from  an  acute  exacerbation  of  chronic  leukemia  is 
frequently  impossible,  and  then  can  be  made  only  by  the  anamnesis. 

In  relation  to  acute  pseudoleukemia,  from  which  acute  lymphatic 
leukemia  must  be  differentiated,  nothing  at  this  time  can  be  stated  with 
certainty.  The  few  descriptions  of  this  so-called  disease  at  hand  are 
too  inaccurate  and  consider  too  little  the  principal  factor — namely,  the 
blood-examination.  This  applies  even  to  the  2  cases  described  by 
Ebstein  in  his  fundamental  work.  It  is  not  at  all  improbable  that  a 
number  of  these  cases  should  be  reckoned  with  acute  lymphatic  leu- 
kemia. In  Coleman's  case  11,200  leukocytes  were  counted,  among 
which  40  per  cent,  were  lymphocytes.  The  histologic  finding  in  the 
widespread  large  lymphomata  was  striking  by  its  lack  of  mitotic 
figures. 

The  relation  of  chloroma  to  this  disease  will  be  studied  in  a  subse- 
quent section. 

By  the  aid  of  the  blood-examination  alone  it  is  possible  to  exclude 
all  other  similar  diseases. 

The  diseases  coming  into  consideration  are,  first,  those  M'hich  run  a 
similar  course  with  a  status  typhosus.  Among  these  typhoid  fever 
itself  stands  out  preeminent.  This  may  be  ccmfused  not  only  clinically, 
on  account  of  its  general  symptoms  and  the  occurrence  of  decubital 
ulcers  on  the  skin  and  in  the  digestive  tract,  but  even  on  the  post- 
mortem table.  The  anatomic  differentiation,  apart  from  the  bacterial 
finding,  between  lymphatic  leukemic  and  typhoid  ulcers,  especially  in 
the  intestine,  is,  in  fact,  not  rarely  impossible. 

Further,  diseases  falling  under  the  head  of  erythema  nniltiforme  and 
toxicum  present  to  a  certain  extent  similar  appearances.  This  is  true 
especially  of  those  manifesting  hemorrhages  from  the  skin  and  mucous 
membranes,  as  the  ordinary  pnrpui-a  I'heumatica,  morbus  maculosus 
Werlhofii,  and  septic  erythema.  Moreover,  we  must  include  erythe- 
matous and  hemorrhagic  affections  associated  with  ulceration  and  ne- 
crosis of  the  mouth,  as  well  as  the  benign  erythema  multiforme  bul- 
losum  (which  is  readily  distinguislicd  l»y  its  mild  course)  and  scorbutus. 
Especially  interesting  in  this  regard  is  the  previously  mentioned  case 
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of  acute  leukemia  in  a  seveuteen-year-old  patient  who  never,  or  at  most 
only  rarely,  ate  fresh  vegetables,  a  deficiency  always  named  among  the 
primary  causes  of  scorbutus.  Apart  from  the  blood-finding,  the  diag- 
nosis may  be  made  from  the  histologic  examination,  since  in  leukemia 
the  ulcers  arise  through  the  breaking  down  of  the  characteristic  lym- 
phadenoid  tumors,  although  more  or  less  marked  accumulations  of 
lymphocytes  may  be  found  in  the  neighborhood  of  hemorrhages  pro- 
duced by  the  hemorrhagic  diathesis. 

From  the  number  of  similarities  it  may  be  conjectured  that  many 
of  the  obscure  hemorrhagic  cases  described  as  morbus  maculosus,  scor- 
butus, etc.,  were  in  reality  acute  lymphatic  leukemia,  especially  since, 
with  comparatively  little  attention  to  the  blood-examination,  an  increase 
in  leukocytes  is  mentioned  in  more  than  one  of  them  (Denys,  Zimmer- 
mann).  We  are  confirmed  in  this  view  by  the  cases  which  at  first  run 
their  course,  under  the  picture  of  a  severe  anemia,  and  only  later,  in 
fact  a  few  days  before  death,  show  a  rapidly  occurring  leukemic  change 
in  the  blood  (Litten,  Kormoczi,  Waldstein).  Whether  these  cases  are 
to  be  considered  leukemia  from  the  beginning,  or  whether  the  leukemic 
blood-finding  represents  only  the  symptom  of  a  still  obscure  affection, 
can  not  at  present  be  decided,  on  account  of  our  defective  knowledge 
of  the  nature  of  these  processes.  Nevertheless,  these  occurrences  force 
us  to  insist  all  the  more  on  the  rule  enjoined  by  Mosler,  forty  years 
ago,  that  in  every  obscure  case  of  a  suspected  blood-disease  the  blood 
should  be  carefully  examined  at  short  intervals. 

PROGNOSIS. 

The  prognosis  of  acute  lymphatic  leukemia  seems  to  be  absolutely 
unfavorable.  So  far  there  is  no  known  case  where  the  patient  lived 
longer  than  a  few  weeks  after  the  determination  of  the  diagnosis.  The 
duration  of  the  disease  may  in  extreme  cases  be  only  a  few  days,  as  is 
shown  by  the  blood-finding  in  those  in  which  the  disease  was  preceded 
by  a  carefully  investigated  anemia.  Still,  on  account  of  the  insidious- 
uess  of  the  beginning,  which  may  be  practically  without  symptoms  or 
may  present  the  picture  of  another  disease,  it  is  often  impossible  to  give 
an  absolute  opinion  as  to  the  duration.  It  is  not  sufficient  to  know  the 
condition  of  the  organs  usually  affected  (glands,  spleen,  visible  mucous 
memljranes  and  tonsils)  in  order  to  say  when,  during  the  symptomless 
period,  the  beginning  occurred,  but  an  exact  knowledge  of  the  micros- 
copy of  the  blood  is  necessary. 

It  is  impossible  to  make  definite  statements  as  to  the  length  of  time 
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a  leukemia  may  be  looked  upon  as  acute.  A  duration  of  four  to  six 
weeks  may  be  taken  as  an  average,  yet  there  are  many  deviations. 
Ebstein  considers  nine  weeks  as  the  longest  period,  although  undoubted 
cases  are  known  of  several  months'  duration.  The  general  picture  of 
the  disease  will  prove  a  much  better  criterion  than  any  determined  time, 
which  can  be  stated  only  empirically  and  may  be  overthrown  by  any  new 
observation. 

A  marked  remission  (with  general  recuperation  and  return  of  the 
blood  to  almost  the  normal,  giving  the  impression  of  a  possible  cure) 
has  been  observed  in  the  course  of  the  disease  in  a  very  few  cases. 
Moreover,  after  a  short  time  the  old  symptoms  recurred,  to  progress 
more  rapidly  than  during  the  first  attack,  and  always  led  to  a  fatal  ter- 
mination. 

Death  has  frequently  been  hastened  by  intercurrent  septic  infection, 
for  which  the  leukemia  acts  as  a  good  soil ;  again,  it  has  been  brought 
about  several  times  by  a  complicating  pneumonia. 

In  an  uncomplicated  case  death  occurs  either  as  the  result  of  symp- 
toms (hemorrhages,  for  example)  belonging  to  the  disease,  or  of  gradual 
exhaustion  terminating  in  collapse. 

TREATMENT. 

Thus  far  we  have  never  succeeded  in  calling  a  halt  to  the  pernicious 
course  of  the  disease.  The  means  employed  with  a  certain  amount  of 
benefit  in  chronic  lymphatic  leukemia  and  its  near  ally,  pseudoleukemia, 
are  completely  useless,  either  internally  or  subcutaneously — we  mean, 
particularly,  arsenic  and  the  organotherapeutic  measures  (bone-marrow, 
thyroid  gland  and  similar  preparations).  The  remarkable  but  ra])idly 
transitory  influence  on  the  blood  of  the  injection  of  defibrinated  blood, 
organic  extracts  and  chemic  substances  (like  spermine  zimtsiiure)  will 
be  taken  up  in  the  discussion  of  chronic  leukemia,  in  which  they  are 
almost  exclusively  employed. 

Further  investigation  of  the  etiology  leaves  therapeutic  advance  to 
be  expected.  Yet,  for  the  present,  we  can  only  hope  to  alleviate  the 
sufferings  of  the  patient  without  being  able  to  check  the  disease.  The 
mouth  symptoms,  the  necroses  on  the  skin  and  mucous  membranes, 
require  local  treatment,  and  are  frequently  improved  by  these  means 
(Kiibler).  Every  injury  that  might  lead  to  the  readily  occurring  and 
pernicious  decubitus  must  be  especially  avoided.  Yet,  on  tlie  whole, 
as  Gilbert  and  Weil  have  appropriately  said,  the  physician's  power 
stops  with  the  making  of  the  diagnosis,  signifying,  as  it  does,  the  most 
unfavorable  prognosis.     Therapeutically,  we  are  powerless. 
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CHLOROMA. 

This  disease,  described  since  the  beginning  of  the  nineteenth  century 
under  the  names  chloroma  (King),  chhjrolymphoma  (Waldstein),  and 
green  cancer  (cancer  vert  d'Aran),  bears  an  extraordinarily  close  resem- 
blance to  acute  lymphatic  leukemia.  Its  '  peculiar  nature  was  first 
explained  by  the  recent  work  of  v.  Recklinghausen,  Dock,  Paviot,  and 
Lang. 

The  chief  clinical  symptoms  are  exophthalmos  produced  by  a  retro- 
bulbar lymphoma  development,  deafness,  and  swelling  of  the  occipital 
and  temporal  regions.  Following  these,  sooner  or  later,  a  rapid  leuke- 
mia develops,  manifesting  the  same  symptoms  which  we  have  learned 
to  recognize  in  acute  leukemia,  with  the  same  invariably  fatal  termination. 

The  disease  obtains  its  name  from  the  green  color  of  the  tumors,  a 
color  which  is  occasionally  seen  in  otherwise  typic  cases  of  acute  leukemia 
(especially  in  the  l)one-marrow). 

The  disease  is  much  rarer  than  acute  leukemia.  [Dock,  in  his  paper 
published  in  1893,  reported  1  case  and  collected  16  others  from  the 
literature.  In  a  second  paper,  Dock  and  Warthin  ^  have  collected  the 
cases  from  1893  to  1904.  Including  their  own,  they  find  22  cases, 
and  they  refer  to  a  few  unpublished  instances  or  cases  simply  alluded 
to  in  discussions. — Ed.]  It  shows  a  predilection  for  childhood  and 
the  male  sex  even  more  markedly  than  acute  leukemia.  [Of  the  22 
cases  in  Dock's  later  series,  3  were  females  and  19  males,  while  in  his 
two  series  there  were  9  females  and  29  males.  The  average  age  was 
18.8  years  in  the  later  series,  which  is  3|  years  older  than  in  the  former 
series.  In  part,  this  was  due  to  tlie  fact  that  4  of  the  cases  occurred  in 
persons  between  38  and  52  years.  Fifteen  of  the  cases  were  less  than  25 
years  old,  12  less  than  16,  and  1  only  10  months  old.  Heyden,'  in  his 
monograpli,  refers  to  37  cases,  in  31  of  which  the  age  of  the  patient  is 
stated.     He  tabulates  them  as  follows  : 

0  to    5  years 4  cases. 

6   "  10     "      8     " 

11    "  15     "      6     " 

16   "  20     "      T)     " 

21    "  25     "      4     " 

28-44-51-52  years each  1  case. — Ed.] 

An  immediate  cause  for  the  disease  has  not  been  demonstrated, 
provided  the  isolated  mention  of  an  ocular  trauma  (Hillier)  is  not  con- 
sidered as  such.  It  is  jwssible  that  the  "  lymphatic  constitution  "  in 
children  creates  a  predisposition  toward  the  disease. 

'  Trans.  Assoc,  of  Amer.  Phi/s.,  vol.  xix.,  1004. 
'  Das  Chlorom,  Wiesbaden,  1904. 
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The  first  striking  symptom  is  usually  the  exophthalmos,  accompanied 
by  intense  pain  in  the  orbital  cavity.  Soon  after,  disturbances  of  vision 
and  difficulty  of  movement  of  the  bulbus  oculi  appear.  A  short  time 
later  a  hard,  smooth  swelling  develops,  which  is  palpable  through  the 
eyelids,  and,  in  a  case  with  recurrence  after  extirpation  of  the  bulb, 
was  visible  as  a  grayish-yellow  tumor  (Hillier). 

[Hey den  ^  states  that  in  1 4  of  his  cases  exophthalmos  was  the  first 
symptom  in  the  majority  of  them.  This  was  accompanied  by  deafness 
with  or  without  otorrhea.  In  6  of  the  cases  the  first  manifestation  was 
some  pallor,  and  in  2  swelling  of  the  region  of  the  temples.  In  1 
case  petechiae  were  first  observed.  A  few  authors  have  referred  to 
primary  swelling  of  the  glands.  In  18  cases  of  Dock's  later  series,  in 
which  the  clinical  histories  are  given,  early  weakness  was  noted  in  9, 
pallor  or  anemia  in  11,  exophthalmos  in  11,  swelling  and  eversion  of 
the  lids  in  1,  deafness  in  10,  swelling  of  the  temporal  region  in  9,  swell- 
ing of  the  face  in  3  more,  enlarged  lymph  glands  in  8,  emaciation  in  6, 
rapid  pulse  in  6.  Pain  was  often  a  prominent  symptom  ;  it  was  most 
frequently  felt  in  the  head,  eyes,  teeth  or  ears,  or  in  the  hips  or  legs. 
Hemorrhages  into  the  skin  and  mucous  membranes  occurred  in  8  cases ; 
blindness  in  4 ;  enlargement  of  the  liver  in  3,  of  the  spleen  in  7. 
—Ed.] 

Retinal  hemorrhages  and  whitish  infiltrations  are  found  in  the  pos- 
terior eye-ground. 

Simultaneously  with  the  orbital  swelling  a  hard  symmetric  swelling 
of  the  temporal  regions  develops,  accompanied  by  difficulty  in  hearing, 
even  to  complete  deafness,  loss  of  sensation,  and  sometimes  slight  dis- 
turbances of  equilibrium  (staggering  gait).  [In  Dock's  second  series 
deafness  was  as  conspicuous  as  in  the  former  series.  He  refers  to  the 
case  of  Koerner,  and  to  the  fact  that  this  observer  found  evidence  of 
ear  symptoms  in  10  of  20  cases  of  chloroma. — Ed.]  During  this  time 
the  normal  skin  color  gradually  yields  to  a  striking  wax-like  pallor, 
the  patient  emaciates  and  weakens.  The  lymph  glands  and  spleen 
enlarge.  Occasionally  tenderness  on  pressure  develops  over  the  sternum. 
The  blood  is  often  lymphemic  from  the  first  examination  or  becomes  so 
suddenly  a  short  time  before  death  (Waldstein,  Paviot,  and  Fayolle), 
although  in  the  beginning  it  n^ay  show  no  change  or  only  a  marked 
anemia.  [The  blood-picture  in  chloroma  may  be  very  varied.  In  13 
out  of  the  later  series  of  Dock,  the  conditions  were  (piilc  characteristic 
of  leukemia,  though  in  1  of  these  cases  the  leukocytes  were  not  in- 
creased in  number.     In  the  other  cases  of  the  series,  either  no  blood- 

^  Das  Chlorom,  Wiesbaden,  1904. 
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examination  was  made  or  the  data  were  indefinite.  In  10  of  the  cases 
the  blood  resembled  that  of  acute  leukemia,  according  to  those  who 
reported  the  cases.  Dock  and  Warthin,  in  their  conclusions,  state  that 
the  blood-picture  may  be  very  varied,  and  if  this  be  used  as  the  basis 
of  classification,  it  is  possible  to  designate  different  varieties  of  chloroma. 
They  believe  that  the  white  cells  of  the  blood  are  derived  from  a  hyper- 
plasia of  the  parent  cells  of  the  leukocytes,  primarily  in  the  marrow,  the 
periosteum  being  involved  secondarily.  This  hyperplasia  may  result 
in  the  formation  of  cells  of  different  character,  cither  large  lymphocytes 
or  neutrophile  or  eosinophile  myelocytes.  At  different  stages  atypic 
forms  may  be  observed.  It  is  uncertain  whether  a  small  lymphocyte 
type  exists.  When  the  hyperplasia  of  the  parent  cells  is  at  such  a 
stage  that  the  new  cells  do  not  get  into  the  blood,  there  is  an  aleukemic 
chloroma.  The  involvement  of  the  bone-marrow  cells  by  crowding 
out  erythroblastic  elements  leads  to  severe  anemia,  which  is  one  of  the 
chief  features  of  the  disease.  This  anemia  is  due  to  deficient  hema- 
topoiesis  and  not  excessive  hemolysis. — Ed.]  Moreover,  as  in  acute 
leukemia,  the  increase  is  especially  of  the  large  lymphocytes.  Hemor- 
rhages from  the  skin  and  mucous  membranes  (sponginess  of  the  gums, 
which  bleed  easily)  make  the  picture  more  and  more  like  acute  leukemia. 

The  previously  mentioned  swelling  of  the  orbits  and  the  temporal 
regions  is  not  absolutely  necessary  to  the  disease  picture ;  as  a  matter 
of  fact,  it  is  wanting  in  isolated  cases  ;  and  the  disease  then  runs  its 
course  to  death  under  the  picture  of  a  marked  anemia  with  rapid  ex- 
haustion. In  1  of  these  cases  the  only  symptom  of  chloroma  per- 
ceptible during  life  was  the  green  discoloration  of  the  urine  (Waldstein). 

The  pathologico-anatomic  changes  are,  in  general,  those  of  acute 
leukemia,  to  which  are  added  a  number  peculiar  to  chloroma. 

The  most  striking  peculiarity  is  the  green  color  of  the  tumors. 
Highly  characteristic  is  the  lymphoma  formation  on  the  face  and  cra- 
nium, seen  clinically.  The  osseous  system  is  especially  affected.  The 
bone-marrow  suffers  often,  even  though  not  constantly,  so  far  as  we 
know,  being  replaced  by  a  greenish,  or  frequently  a  pure  pea-green, 
mass  of  somewhat  increased  consistence  (see  the  picture  in  Dressler's 
work).  [In  7  of  Dock's  later  series,  changes  in  the  bone-marrow  were 
discovered.  It  must  be  remembered  that  examinations  of  the  bone- 
marrow  can  not  be  made  with  absolute  thoroughness,  and  in  a  immber 
of  the  cases  no  examinations  at  all  were  made. — Ed.]  More  wide- 
spread, yet  less  marked,  are  the  changes  in  the  bones  themselves. 
Lymphogenous  green  tumors  are  deposited  in  all  the  facial  and  cranial 
bones,  either  under  or  in  the  periosteum  or  dura  mater  respectively. 
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The  sutures  are  forced  apart  even  when  the  bones  themselves  are  but 
little  affected,  and  the  neoplasm  grows  through  all  the  openings,  filling 
up  the  orbital  and  tympanic  cavities. 

Similar  chloromatous  masses  are  found  within  and  on  the  outside  of  the 
spinal  column,  the  ribs,  the  sternum,  the  pelvic  and  shoulder  girdles,  and 
sometimes  even  the  long  bones,  so  that,  in  spite  of  the  small  number 
of  observations,  almost  every  bone  has  been  mentioned  once  or  oftener. 
The  marrow  of  the  tubular  bones  is  similar  to  that  of  the  others — 
namely,  pea-green,  and  may  contain  large  quantities  of  Charcot-Leyden 
crystals,  which  are  wanting  in  lymphatic  leukemia.  Their  presence  in 
conjunction  with  the  guaiac  reaction  (see  p.  580)  supports  the  view  that 
cellular  elements  other  than  lymphocytes  must  participate  in  the  build- 
ing up  of  the  chloromatous  masses. 

The  lymphatic  organs  are  almost  as  markedly  aflPected  as  the  bone- 
marrow.  A  green  swelling  of  the  lymph  glands,  especially  of  the  head 
and  neck,  arises,  and  we  find  tumors  on  the  tongue,  palate,  and  pharynx. 
[The  lymphatic  glands  were  frequently  involved  in  Dock's  series,  but 
in  1  case  it  was  expressly  stated  that  the  lymphatic  glands  were  with- 
out pathologic  changes.  Heyden,'  referring  to  the  matter  of  glandular 
enlargement,  states  that  apparently  all  cases  have  been  attended  with 
swelling  of  the  lymphatic  glands.  Those  of  the  extremities  and  of  the 
bronchial  region  are  most  frequently  involved ;  less  frequently  the  ab- 
dominal and  pelvic  glands. — Ed.]  The  salivary  glands  (parotid,  sub- 
maxillary) are  infiltrated  with  lymphatic  tissue,  the  thymus  and  pan- 
creas are  partially  replaced  by  green  masses.  Peyer's  patches  and  the 
lymph  follicles  of  the  intestine  are  grayish  green,  often  swollen,  and 
sometimes  ulcerated  and  riddled  with  hemorrhages.  The  sj)leen  is 
enlarged  on  account  of  an  increase  of  lymph  tissue.  The  kidneys  and 
liver  contain  green  lymphomata,  some  superficial,  others  well  within  the 
parenchyma.  Moreover,  analogous  to  the  infiltrations  in  acute  leu- 
kemia, the  round-celled  greenish  accumulations  accompany  only  the 
branches  of  the  portal  vein,  while  the  hepatic  vein  remains  free 
(Paviot).  Similar  masses  are  found  in  the  lungs  and  pleura?.  The 
nervous  system  alone  is  exempt.  The  symptoms  proceeding  from  it, 
like  blindness,  deafness,  and  paralysis,  are  usually  referable  to  com- 
pression by  externally  situated  chloromatous  masses  or  to  disturbances 
of  the  nerve  endings. 

The  histologic  structure  is  that  of  a  lymphoma,  and  consists  partly 
of  small,  partly  of  large,  mononuclear  round  cells  deposited  in  a  delicate 
reticulum.      The  green  coloring-matter  appears  in  the  form  of  small 

*  Das  Chlorom,  Wiesbaden,  1904. 
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strongly  refractive  granules,  situated  in  the  cells  of  the  tumor  masses. 
The  reaction  of  these  pigment  granules  would  seem  to  indicate  a  fatty 
composition.  They  are  green  from  the  beginning,  or  become  so  after 
short  exposure  to  the  air.  Later  they  take  on  a  dirty  color  and  may  so 
remain  for  several  days,  or  disappear  suddenly  when  exposed  to  the  air, 
though  they  may  be  made  visible  again  by  treating  with  a  solution 
of  ammonia  (Paviot  and  Hugounenq).  They  are  decolorized  by  alcohol 
to  a  dirty  gray.  The  pigment  is  soluble  in  absolute  alcohol  and  ether 
and  is  stained  dark  by  osmic  acid  (1  per  cent.).  It  fails  to  respond  to 
the  iron  reactions  (Horiiig).  It  stains  old  tincture  of  guaiac  at  once 
blue ;  becomes  blue  itself  and  (in  sections)  retains  this  color  for  ten 
minutes.  Following  this  the  tissue  is  first  decolorized,  and  then  the 
solution  (tincture  of  guaiac)  changes  to  a  dirty  yellowish  green.  The 
preserving  fluid  undergoes  the  same  reaction.  On  immersion  in  boiling 
water  the  tumor  loses  its  oxidizing  properties.  After  contact  with 
paraphenylendiamin  for  twenty  to  thirty  minutes,  the  chloroma  is 
stained  a  dark  violet  (Paviot  and  his  co-workers).  This  reaction  is  not 
given  by  chloroma  alone,  but  is  the  common  property  of  many  rapidly 
growing  tumors.  Moreover,  the  guaiac  reaction  occurs  in  connection  with 
the  richly  cellular  bone-marrow  of  pernicious  anemia  (Naegeli),  while  it 
is  wanting  in  organs  filled  with  lymphocytes  (Brandenburg).  [Pefer- 
riuir  to  the  color  of  chloroma,  Dock  concludes  that  the  cause  of  the 
green  color  is  unknown,  though  it  probably  belongs  to  the  group  known 
as  parenchymatous  colors.  It  is  possible  that  processes  morphologically 
like  chloroma  may  lack  the  characteristic  color.  Such  cases  should  be 
classed  with  non-chloromatous  leukemias. — Ed.] 

In  the  early  cases  the  diagnosis  of  chloroma  was  usually  made  only 
after  death,  less  on  account  of  the  possibility  of  confusion  \\\i\\  other 
diseases  than  on  account  of  the  uncommon  clinical  picture,  wliich  made 
the  affection  appear  as  something  new — unknown.  Still,  the  likewise 
very  rare  cases  of  symmetric  disease  of  the  salivary  and  lacrimal 
glands,  Avhich,  from  a  pathologico-anatomic  standpoint,  also  belong  to 
the  lymphatic  hyperplasias,  show  a  great  similarity  to  chloroma.  They 
are  differentiated  by  their  longer  duration  and  the  relative  mildness  of 
their  course.  We  will  discuss  them  more  in  detail  in  dealing  with 
chronic  lymphatic  leukemia  and  pseudoleukemia. 

The  prognosis  of  chloroma  is  always  unfavorable.  Death  follows 
in  from  several  weeks  to  several  months. 

The  therapy  is  quite  as  futile  as  in  acute  leukemia.  Operative  inter- 
ference has  likewise  been  without  result  (Hillier). 
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Under  the  definition  of  chronic  lymphatic  leukemia  are  included 
those  cases  which  run  their  course  in  from  several  months  to  years  with 
a  hyperplasia  of  the  lymphatic  apparatus  and  an  increase  of  the  lympho- 
cytes in  the  blood.  This  type  was  differentiated  first  by  Virchow.  Its 
boundaries  were  sharply  defined  by  Neumann  and  Ehrlich,  corresponding 
to  the  advance  in  our  knowledge.  In  spite  of  this  early  histogenetic  defi- 
nition, we  frequently  find  cases  in  which  the  kind  of  leukemia  was 
diagnosed  by  clinical  symptoms  other  than  the  lymphocytosis ;  for 
instance,  the  presence  or  absence  of  glandular  or  splenic  enlargement. 
Further,  we  meet  a  large  number  of  cases  which,  according  to  the  gen- 
eral clinical  picture,  would  be  included  under  the  head  of  pseudo- 
leukemia or  malignant  lymphoma  (that  is,  an  affection  simulating 
lymphatic  leukemia,  with  or  without  some  alteration  in  the  proportion 
of  whites  to  reds),  but  in  which  a  lymphatic  alteration  of  the  blood  is 
recognized  by  modern  staining  methods. 

If  we  follow  the  conclusions  of  the  above-mentioned  investigators, 
lymphatic  leukemia  should  be  excluded  from  either  of  the  classes  men- 
tioned ;  from  the  former,  on  account  of  the  general  clinical  symptoms — 
e.  g.,  the  lymph-gland  swelling  ;  and  from  the  latter,  on  account  of  the 
blood-picture. 

In  other  words,  our  guiding  criterion  must  be  the  principle  laid 
down  in  the  consideration  of  acute  lymphatic  leukemia — namely,  that 
the  diagnosis  of  a  leukemia  and  its  variety  can  be  based  only  on  the 
appearance  of  the  typic  blood-change,  and  that  the  other  clinical  symp- 
toms are  of  secondary  importance. 

This  brings  us  to  the  consideration  of  the  question  which  was  dis- 
cussed briefly  in  the  introduction,  and  which  must  first  be  thoroughly 
understood,  so  far  as  our  knowledge  goes,  before  we  take  up  the  descrip- 
tion of  chronic  Ivmphatic  leukemia. 


From  the  beginning,  the  blood-finding  has  been  considered  the  only 
absolutely  certain  characteristic  in  the  diagnosis  of  leukemia.  All  other 
symptoms  are  to  be  regarded  as  inadequate,  since  cases  are  known  which 
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simulate  leukemia  in  every  way  except  in  the  marked  increase  in 
white  blood-corpuscles  ;  in  fact,  these  cases  are  called,  on  this  account, 
pseudoleukemia.  True,  the  cases  of  pseudoleukemia  corresponding  to 
the  type  of  malignant  lymphoma  are  frequently  very  different  from  the 
average  lymphatic  leukemia.  Still,  we  have  all  sorts  of  transitions — 
from  this  type,  which  gives  more  the  impression  of  a  local  enlargement 
of  lymph  glands,  to  the  types  exactly  resembling  lym])hatic  leukemia. 

While  in  extreme  cases  the  clinical  differentiation  is  easy,  in 
others  the  boundary  is  ill  defined,  since,  as  we  have  known  for  some 
time,  a  moderate  alteration  of  the  blood  is  not  rare  even  in  pseudo- 
leukemia. In  fact,  a  number  of  investigators,  taking  their  cue  from 
the  experience  of  recent  years,  consider  the  leukocytic  increase  neither 
as  characteristic  of  leukemia  nor  contrary  to  the  assumption  of  pseudo- 
leukemia. Even  lymphocytoses  of  high  degree  are  sometimes  ignored 
in  the  decision. 

This  uncertainty  forces  us  to  the  conclusion  that  it  is  impossible  to 
separate  accurately  histqgenetic  lymphatic  leukemia  from  pseudf)leu- 
kemia ;  and  it  becomes  necessary,  therefore,  to  include  these  two  affec- 
tions in  one  group  as  closely  related  diseases. 

In  this  group  very  different  clinical  pictures  are  associated  with  the 
common  bond  of  lymph-gland  enlargement  and  lymphocytosis.  Among 
these,  two  fundamental  types  may  be  differentiated  :  one  including  the 
cases  with  a  marked  degree  of  lymphocytosis — genuine  lymphatic  leu- 
kemia ;  the  other  including  those  with  no  marked  deviation  of  the  pro- 
portion of  W.  :  R. — lymphatic  pseudoleukemia.^ 

A  sharp  line  can  not  be  drawn  between  these  two  groups.  More- 
over, if  we  consider  the  blood-finding  the  most  important  clinical  symp- 
tom, the  diagnosis  of  genuine  leukemia  must  be  based  on  the  numeric 
proportion  of  W.  :  R.,  which  rather  limits  its  value.  In  general  the 
boundary  line  lies  between  (W.  :  R.)  1  :  100  and  1  :  200.  Smaller 
quotients  are  to  be  reckoned  to  pseudoleukemia,  larger  ones  to  genuine 
leukemia. 

The  existence  of  lymphocytosis  in  these  cases  allows  them  to  be 
differentiated  from  several  other  affections  which  are  clinically  very 
similar,  but  in  which  this  symptom  is  wanting.  In  the  absence  of  this 
lymphocytosis  we  must  consider  another  etiology  for  the  enlargement 
of  the  glands  as  probable ;  in  fact,  so  far  this  jirobability  has  been  veri- 

^  The  term  lymphatic  pseudoleukemia  is  not  used  to  imply  a  contrast  with  any  other 
terminolog:y  (e.  g.,  myelogenous  pseudoleukemia)  ;  for  there  is  no  other  form  of  the 
disease  than  the  one  associated  with  enlargement  of  the  lymph  glands,  and  lymphemia 
stands  unique.  The  designation  "  lymphatic,"  therefore,  is  to  be  taken  only  as  a  histo- 
genetically  explanatory  adjective. 
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fied  in  every  case  which  came  to  autopsy.  [Ewing '  states  that  "  in 
the  less-marked  stages  of  lyniphocythemia,  especially  of  the  acute 
form,  the  number  and  proportion  of  lymphocytes  may  be  far  i'rom 
characteristic  of  leukemia.  When  there  are  less  than  loO,000  leuko- 
cytes and  less  than  90  per  cent,  of  lymphocytes  the  condition  of  the 
bipod  does  not  differ  from  that  seen  in  some  forms  of  inflammatory 
leukocytosis,  or  of  lymphocytosis  in  the  secondary  anemia  of  children, 
or  of  the  obscure  condition  called  ^  v.  Jaksch's  anemia.'  In  inflam- 
matory lymphocytosis,  however,  there  are  always  a  fair  proportion  of 
polynuclear  leukocytes,  which  are  very  scanty  in  lymphemia,  and  the 
lymphocytosis  is  usually  transient." — Ed.] 

In  regard  to  the  cases  without  lymphocytosis,  there  are  two  possi- 
bilities : 

1.  That  we  have  to  do  with  a  stage  of  lymphemia  in  which  the 
alteration  of  the  blood  has  not  yet  appeared,  on  account  of  the  short 
duration  of  the  process  ;  or  with  a  terminal  stage,  complicated  by  septic 
infection  from  which  a  previously  existing  lymphocytosis  has  disap- 
peared. 

2.  That  we  have  to  do  with  another  disease — for  instance,  peculiar 
forms  of  tuberculosis,  which  we  will  describe  more  thoroughly  when 
speaking  of  the  diiferential  diagnosis  ;  or  the  unique  affection  which 
Kundrat  has  differentiated  from  the  large  group  of  lymphatic  tumors 
under  the  name  lymphosarcomatosis. 


We  therefore  consider  ourselves  justified  in  including  under  one 
head  all  cases  manifesting  a  lymphocytosis.  On  account  of  the  marked 
clinical  differences  in  these  cases,  it  is  not  improbable  that  quite  hetero- 
geneous processes — that  is,  processes  etiologically  different — have  been 
artificially  combined.  Still,  we  have  no  means  of  making  a  better 
classification.  The  simple  division  according  to  localization,  previously 
in  vogue,  is  not  sufficiently  comprehensive  and  accurate,  since  we  have 
to  do  with  exactly  the  same  pathologico-anatomic  phenomena  in  the 
different  places.  [Ewing  ^  refers  to  endothelioma  of  the  lymph  nodes 
as  the  anatomic  basis  of  a  case  of  lymphatic  leukemia  studied  liv  him. — 
Ed.]  Perhaps  the  long-desired  explanation  may  be  brought  forth 
by  the  further  investigation  of  the  nature  and  etiology  of  the  disease. 

»  Clin.  Path,  of  the  Blood,  2d  ed.,  p.  250. 
»  Ibid.,  p.  239. 
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SYMPTOMS  AND  COURSE. 

Onset. — The  onset  of  chronic  lymphatic  leukemia  is,  in  the  ma- 
jority of  cases,  gradual  and  insidious.  The  few  observations  relating 
to  an  acute  beginning  are  by  no  means  sufficiently  clear  to  refute  the 
objection  that  they  represent  acute  exacerbations  or  the  occurrence  of  an 
acute  intercurrent  disease  in  the  course  of  a  previously  existing,  though 
latent,  chronic  leukemia.  In  acute  leukemia  the  determination  of  the 
beginning  is  frequently  difficult  on  account  of  ignorance  of  the  condition 
before  the  primary  observations,  and  is  possible  in  only  a  few  not  very 
typic  cases  of  especially  rapid  course ;  but  in  chronic  leukemia  we  have 
almost  no  criterion  by  which  to  draw  a  sharp  line  between  health  and 
the  onset  of  the  disease. 

The  enlargement  of  the  lymph  glands,  observed  early  in  many  cases, 
makes,  to  a  certain  extent,  a  time  boundary.  For  when  a  long-con- 
tinued anemia  associated  with  widespread  enlargement  of  the  lymph 
glands  calls  attention  to  a  disease  of  the  blood-making  organs,  we 
usually  find  such  a  marked  alteration  of  the  blood  that  a  long  existence 
of  the  affection  can  be  concluded.  Still,  enlargement  of  the  lymph 
glands  is  not  rarely  wanting  till  toward  the  end  of  life,  and  then  only 
an  accidental  examination  of  the  blood  discovers  the  lymphemic  con- 
dition. 

Since,  therefore,  no  certain  time  can,  as  a  rule,  be  set  for  the  begin- 
ning of  the  disease,  we  must  consider  that  the  alterations  occur  slowly 
and  imperceptibly  till  the  disease  is  so  far  advanced  as  to  produce  sub- 
jective complaints  and  objective  symptoms. 

As  has  been  mentioned,  the  most  frequent  symptom  to  call  attention 
to  the  disease  is  the  enlargement  of  the  lymph  glands.  This  enlarge- 
ment may  exist  with  otherwise  perfect  health  for  a  long  time,  even 
years.  In  this  case  it  is  usually  slight,  but  it  may  at  any  time  rapidly 
increase  to  extraordinary  dimensions.  The  enlargement  may  be  regu- 
larly distributed  over  the  different  regions  of  the  body  ;  although,  much 
more  fre(|uently,  it  is  more  or  less  limited  to  one  or  several  groups. 
Immense  lymphomata  are  observed  most  commonly  on  the  neck.  They 
are  usually  associated  with  rather  large  ones  in  the  axilla  and  smaller 
ones  in  the  groin — in  other  words,  there  is,  as  a  rule,  a  decrease  in  size 
from  above  downward.  Still,  not  rarely  the  largest  glands  are  found 
in  the  axillae  and  occasionally  in  the  groin  and  thigh.  It  sometimes 
happens  that  an  enlargement  is  scarcely   perceptible    externally,  but. 
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post  mortem,  immense  masses  are  found  in  the  chest,  abdomen,  and 
pelvis  (Ehrlich  and  AVassermann).  In  rare  cases  we  find  no  enlarge- 
ment worthy  of  mention. 

The  glandular  masses  consist  of  single  lymphomata  well  separated 
from  one  another,  varying  from  a  very  small  size  to  that  of  an  c^g  or 
an  apple.  Adhesions  between  the  glands  are  extremely  rare,  and  aie 
practically  always  to  be  referred  to  malignant  degeneration  or  compli- 
cating periadenitis,  which  is  not  a  feature  in  the  actual  picture  of  leu- 
kemia. The  shape  of  the  individual  gland  is  unexceptionally  ellip- 
soidal, with  equal  or  unequal  short  axes,  or  egg-form.  It  is  sometimes 
flattened  out  by  the  lateral  pressure  of  other  glands  or  structures  in  the 
neighborhood  (skin,  underlying  soft  tissues).  The  consistence  in  the 
genuine  leukemic  cases,  the  blood  of  which  shows  a  marked  derange- 
ment of  the  proportion  of  whites  to  reds,  is  almost  always  soft  and 
elastic,  usually  simulating  that  of  the  normal  testicle,  and  is  only  rarely 
hard,  even  to  bony  hardness,  as  in  pseudoleukemia,  the  blood  of  which 
shows  only  a  relative  increase  of  lymphocytes. 

In  addition  to  the  disfiguration  of  and  loss  of  motion  in  the  part, 
the  symptoms  directly  arising  from  the  enlargement  of  the  glands, 
though  of  infrequent  occurrence,  consist  of  pain,  which  is  usually  slight 
and  but  rarely  of  marked  intensity,  and  of  the  more  important  results 
of  pressure  on  the  vital  organs.  Among  the  latter,  compression  of  the 
trachea  and  of  the  vascular  trunks  most  frequently  gives  rise  to  disa- 
greeable symptoms. 

The  glandular  tumors  continue  to  increase  in  size  till  the  termina- 
tion of  life,  provided  an  intercurrent  disease  (erysipelas,  septic  infection, 
cholera)  does  not  cause  tihem  to  disappear,  as  in  acute  leukemia. 

Among  the  other  blood-making  organs,  the  Spleen  alone  manifests 
physical  signs  of  disease.  Its  enlargement  is  almost  a  constant  accom- 
paniment of  chronic  lymphatic  leukemia.  Very  large  spleens  are  some- 
times seen,  though,  as  a  rule,  the  enlargement  is  not  so  great  as  in 
myeloid  leukemia,  in  which  the  whole  left  side  of  the  abdomen  is  often 
taken  up  by  the  tumor,  which  extends  to  the  right  beyond  the  umbilicus 
and  downward  into  the  small  pelvis.  The  splenic  tumor  of  lymphatic 
leukemia  is  movable  within  moderate  limits.  In  size  it  usually  extends 
several  fingers'  breadth  beyond  the  border  of  the  ribs,  and  when  it 
reaches  the  umbilicus  it  must  be  considered  very  large.  The  enlarge- 
ment tiikes  place  regularly  in  all  directions,  so  that  even  when  consider- 
ably enlarged  it  retains  its  typic  form.  The  size  of  the  spleen  is,  in 
general,  dependent  on  the  duration  of  the  disease,  since  it  usually  grows 
slowly  and  continuously  till  dejith.     Nevertheless,  since  the  rapidity  of 
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the  enlargement  varies  in  different  cases,  we  find  in  some,  after  a  short 
duration,  very  large  tumors ;  in  others,  after  the  same  length  of  time, 
even  when  the  other  symptoms  are  marked,  only  moderate-sized  ones. 
The  very  large  and  hard  spleens  seem,  as  a  rule,  to  belong  to  the  cases 
manifesting  a  small  lymphocytosis  in  the  blood. 

That  an  actual  enlargement  of  the  spleen  is  not  absolutely  necessary 
to  lymphatic  leukemia  was  demonstrated  in  the  first  case  described  by 
Virchow,  in  which  the  organ  jjresented  no  macroscopic  abnormality 
beyond  a  certain  hardness.  The  same  condition  has  been  reported  in 
a  number  of  recent  observations. 

An  exception  to  the  rule  that  the  growth  of  the  leukemic  spleen 
continues  till  the  end  of  life  is  seen  in  the  cases  (previously  mentioned) 
of  bacterial  infection,  as  well  as  in  those  in  which  an  acute  exacerbation 
of  the  leukemic  process  takes  place  sub  Jinem  rita\  General  septic  in- 
fection and  localized  suppuration  are  the  most  frequent  factors  in  dissi- 
pating the  lymphemia,  so  that  the  enlargement  of  the  lymph  glands 
and  spleen  diminishes  and  the  blood  not  rarely  loses  its  lymphemic 
character,  and  even  goes  over  into  a  condition  of  polynuclear  leuko- 
cytosis. Still,  this  influence  of  a  septic  infection  is  by  no  means  the 
rule.  Leukemic  patients  may  pass  through  these  complications  without 
any  change  in  the  lymphemic  symptoms  (Hirschlaif ). 

A  decrease  in  the  splenic  tumor  has  also  been  observed  following 
long-persistent  diarrheas,  which  sometimes  arise  in  connection  with  the 
medication  (iodoform)  or  other  therapeutic  measures.  This  decrease 
can  only  rarely  be  regarded  as  an  improvement  of  the  general  leukemic 
condition.  Moreover,  in  the  cases  in  which  an  improvement  of  the 
general  condition  is  associated  with  a  diminution  of  the  splenic  tumor, 
the  numeric  proportion  of  whites  to  reds  usually  changes  but  little  or 
may,  indeed,  become  more  marked.  Several  rare  cases  of  apparent 
recovery  will  be  discussed  later. 

The  alteration  of  the  bone-marrow,  to  which  Neumann  first  called 
attention  as  a  constant  finding,  is  usually  marked,  yet  in  contrast  to  the 
similar  condition  in  myelogenous  leukemia  and  to  the  specific  tumor- 
like  lyraphadenoid  disease  of  the  marrow  in  the  affection  known  as 
multiple  myelomata  (Rusticki)  or  lymphadenia  ossium  (Nothnagel)  it 
only  rarely  gives  rise  to  clinical  symptoms.  Intense  pain  in  the  bones 
is  usually  the  result  of  secondary  infection  of  the  periosteum  and  abscess 
formation,  I^itten  especially  has  drawn  attention  to  the  fact  that  the 
tenderness  of  the  bones,  which  is  considered  typic,  may  be  wanting  in 
the  most  advanced  cases  of  disease  of  the  marrow.  In  lymphatic  leu- 
kemia it  is  practically  never  present. 
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The  symptoms  produced  by  the  development  of  lymphomata  in 
organs  other  than  the  blood-making  ones  will  be  discussed  later.  We 
wish  to  deal  first  with  the  characteristic  symptom  of  lymphatic  leu- 
kemia— namely,  the  blood-pieture. 

Alterations  in  the  Blood. — The  principal  symptom  manifested 
by  the  blood  is  the  increase  in  lymphocytes. 

In  the  general  increase  of  leukocytes  observed  the  lymphocytes  par- 
ticipate to  a  marked  degree,  both  relatively  and  absolutely.  The  relative 
increase  in  lymphocytes  is  especially  striking,  and,  since  it  is  easier  to 
determine  than  the  absolute  number,  it  is  particularly  useful  in  the 
diagnosis.  It  is  not  rare  with  a  proportion  of  whites  to  reds  of  only 
1  :  100  (which  requires  only  about  20,000  white  blood-corpuscles, 
on  account  of  the  almost  constant  oligocythemia)  to  find  90  to  96 
per  cent,  of  lymphocytes.  With  a  greater  proportion  of  whites  the 
relative  lymphocytosis  may  increase  even  to  99  per  cent.,  produc- 
ing an  almost  complete  absence  of  all  the  other  varieties  of  leuko- 
cytes. 

The  lymphocytes  of  chronic  lymphatic  leukemia  belong,  in  by  far 
the  great  majority  of  cases,  almost  exclusively  to  the  small  variety. 
They  are  the  same  size  as,  or  smaller  than,  the  red  blood-corpuscles, 
and  show  a  small  amount  of  protoplasm  and  a  round,  usually  feebly 
staining,  sharply  circumscribed  nucleus  with  a  round,  clear  vacuole 
(nucleolus).  The  protoplasm  is  basophilic  to  methylene  blue  and  is 
often  filamentous  at  the  margin.  Medium-sized  and  large  forms,  which 
are  the  common  ones  in  acute  leukemia,  may  be  found,  though  usually 
rare ;  there  are,  however,  very  chronic  leukemias  which  show  only  the 
large  variety. 

A  considerable  number  of  the  lymphocytes  circulating  in  the  blood 
(sometimes  more  than  one-tenth  of  the  entire  number)  manifest  signs 
of  degeneration,  as  has  been  shown  especially  by  Gumprecht.  The 
destruction  of  these  cells  begins  in  the  nucleus,  and  is  manifested  either 
by  a  more  intense  staining  and  subsequent  breaking  up  into  intensely 
stained  fragments  (karyorrhexis),  or  by  a  swelling  accompanied  by  a  loss 
of  staining  power  and  the  formation  of  peculiarly  large  dentate  forms 
(karyolysis),  often  resembling  an  oak  leaf  (Askanazy).  The  protoplasm 
of  the  cell  degenerates  later.  To  what  extent  these  alterations  of  the 
lymphocytes  are  to  be  regarded  as  true  retrograde  metamorphoses  must 
be  left  for  future  investigation.  On  account  of  the  absence  of  these 
degeneration  forms  in  fresh  unstained  pre])arations,  Askanazy  believes 
that  they  represent  abnormalities  artificially  produced  in  tlie  readily 
compressed  lymphocytes,  especially  since  they  are  much  more  frequent 
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in  the  thin  crushed   portions  of  the  smear  than  in  the  usually  thicker 
marginal  j)ortions. 

The  other  varieties  of  leukocytes  participate  in  the  increase  only 
exceptionally  and  then  in  a  slight  degree.  In  fact,  their  number  is 
usually  quite  considerably  lessened  in  comparison  with  the  normal. 
This  diminution  affects  especially  the  neutrophile  polynuclear  cells, 
which  constitute  normally  the  greatest  number.  Their  relative  number 
is  decreased  by  the  increase  of  lymphocytes  from  the  normal  figures  of 
about  70  per  cent,  to  10  per  cent,  or  even  less,  and,  not  rarely,  to  even 
2  or,  indeed,  1  per  cent. 

Eosinophile  cells  are  usually  found ;  mast  cells  are  seen  in  only 
extremely  small  numbers.      Myelocytes  are  wanting  in  almost  all  cases. 

The  number  of  red  blood-corpuscles  frequently  remains  normal  for 
a  long  time,  or  is  only  insignificantly  decreased  (to  4,500,000  or 
4,000,000).  With  the  appearance  of  cachexia  their  number  gradually 
decreases,  though  it  seldom  sinks  much  below  2,000,000.  Nucleated 
red  blood-corpuscles  are  rare,  and  other  alterations  are  only  exception- 
ally described. 

The  percentage  of  hemoglobin  about  corresponds  to  the  number  of 
red  blood-corpuscles. 

Some  increase  of  lymphocytes  is  always  found  on  the  first  examina- 
tion, after  other  clinical  symptoms  (especially  the  enlargement  of  the 
lymph  glands  and  spleen)  have  given  cause  for  the  investigation  of  the 
blood.  Moreover,  when  the  first  examination  is  made  a  longer  time 
before  the  fatal  termination  we  find,  in  the  course  of  further  observa- 
tion, a  gradually  progressive  increase,  with  rare  slight  remissions,  in 
the  whole  number  of  leukocytes  and  the  relative  number  of  lympho-- 
cytes,  so  that  at  the  time  of  death  the  number  of  lymphocytes  is  usu- 
ally higher  than  at  any  preceding  period. 

Spontaneous  diminution  and  even  complete  disappearance  of  the 
lymphocytosis  has  been  observed  several  times.  Sometimes,  in  its 
place,  a  polynuclear  leukocytosis  is  seen.  This  alteration  of  the  blood- 
finding  is  usually  the  result  of  some  bacterial  complication.  Very  ex- 
ceptionally, in  these  cases,  recovery  of  both  the  complication  and  the 
original  disease  has  been  reported  (Delens,  Mager). 


The  other  symptoms  of  chronic  lymphatic  leukemia  are  dependent 
on  the  development  of  li/mphatic  tissue  in  the  organs.  They  are  the 
result  of  the  new  growth,  on  the  one  hand,  and  of  the  mechanic 
limitation  of  the  functionating  parenchyma,  on  the  other.     The  appar- 
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ent  toxic  effect  of  the  rapid  destruction  of  tissue  seen  in  the  prostration, 
the  fever  and  the  altered  metabolism  of  acute  leukemia  is  only  suggested, 
when  the  chronic  form  takes  on,  sub  jineni  vitce,  a  course  simulating  the 
acute.  Every  sign  of  deeper  organic  change  is  wanting;  even  the 
pallor  of  the  skin,  in  other  forms  of  leukemia  a  most  conspicuous 
symptom,  has  never  been  observed. 

Highly  interesting  alterations  of  the  skin  occur  in  rare  cases. 
A  very  mild  condition  is  an  intense  itching  of  the  entire  skin,  which 
is  usually  dry  and  withered,  this  condition  being  frequently  associated 
with  an  eruption  of  urticaria  papulosa  and  vesiculosa.  Preceded  by 
the  sensation  of  burning  and  itching,  hard  yellowish-white  wheals  with 
a  centrally  situated  vesicle  suddenly  appear.  These  are  distributed 
irregularly  over  the  whole  body,  though  especially  on  the  arms  and  legs, 
as  in  other  lymphomatous  affections  (malaria  with  splenic  tumor,  pseu- 
doleukemic,  like  lymph-gland  tuberculosis).  At  the  site  of  the  wheals 
which  have  been  scratched,  small  granulation  tumors  sometimes  form, 
to  disappear  again  after  a  short  time. 

The  occurrence  of  lymphomata  in  the  skin,  either  as  small  tubercles, 
varying  in  size  up  to  that  of  a  bean,  distributed  over  the  whole  body,  or  as 
larger  nodules  showing  a  special  predilection  for  the  face,  is  more  strik- 
ing and  has  been  more  frequently  described.  Projecting,  sometimes 
even  overhanging,  tumors  are  seen  on  the  eyebrows,  eyelids,  cheeks, 
nose,  lips,  and  chin  ;  and,  on  account  of  their  shape  and  reddish-brown 
to  bluish-red  color,  give  a  peculiarly  disgusting  appearance  to  the  face, 
already  disfigured  by  large  lymphomata  about  the  ear  and  chin.  Smaller 
tumors  are  found,  more  rarely,  on  the  arms  (N^ktim),  especially  the 
elbows,  the  backs  of  the  hands  and  fingers,  and  on  the  legs  (knee).  The 
tumors  grow  slowly  but  continually,  and  show  little  inclination  toward 
breaking  down  (Kreibich,  Pinkus). 

A  third  variety  of  skin  affection  is  known  under  the  name  lympho- 
dermia  perniciosa  (Erythrodermie  mycosique  of  the  French).  It  begins 
as  a  peculiar,  intensely  itchy  sensation,  accompanied  usually  by  universal 
redness  and  swelling  of  the  skin,  to  which,  after  a  longer  or  shorter 
time,  the  general  symptoms  of  lymphatic  leukemia  are  added.  After 
this  has  existed  for  years,  tumors  like  those  previously  described  often 
develop  in  the  skin,  especially  of  the  face,  giving  it  a  leonine  appear- 
ance (Kaposi). 

Mycosis  fungoides  is  not  a  characteristic  of  lymphatic  leukemia, 
although  its  French  name,  lymphadenie  cutan6e,  was  given  by  Ranvier 
on  the  supposition  that  it  was  a  sort  of  pseudoleukemia  of  the  skin.  This 
supposition  proved  to  be  unwarranted. 
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[Nekam '  discusses  leukemia  of  the  skin  and  distinguishes  2  groups 
of  eases;  the  first  being  cases  in  which  the  circulation  of  the  skin  is 
disturbed  ;  and,  second,  the  cases  of  true  leukemic  disease  of  the  skin, 
causing  the  formation  of  nodular  masses.  In  the  latter  group,  a  diag- 
nosis must  be  made  from  cases  of  tumors  of  the  skin  with  leukocytosis. 
The  lymphodermia  perniciosa  of  Kaposi  he  regards  as  a  mycosis  and 
distinguishable  from  true  leukemia. 

Of  the  4  cases  of  skin  lesions  in  association  with  leukemia  reported 
by  the  author,  1  he  regards  as  a  true  leukemia  of  the  skin.  It  was 
found  in  a  woman  aged  forty-one,  who  suffered  from  an  eruption  of 
soft  nodules  in  the  forearm.  These  became  reddened  and  subsequently 
quite  dark  red  from  rubbing,  and  there  was  sometimes  marked  itching. 
Later,  other  parts  of  the  body  were  involved.  In  addition  there  was 
diffuse  brownish  pigmentation  of  the  skin  and  punctiform  hemorrhages 
appearetl.  The  lymphatic  glands  were  enlarged  and  the  bones  became 
painful  on  percussion.  The  number  of  white  corpuscles  was  as  1  : 3.5 
of  the  red ;  and  of  the  white  96  per  cent,  were  lymphocytes. 

Oertel,^  in  discussing  tlie  same  subject,  states  that  there  are  3  kinds 
of  cases.  In  the  first  there  are  small  nodules,  of  pale  or  reddish  color, 
scattered  over  the  body  ;  in  the  second,  a  few  solitary,  lobulated  nodules  ; 
and  in  the  third,  more  diffuse,  moist  and  eczematous  lesions  or  ulcerat- 
ing tumor-like  elevations.  He  reports  1  case  in  a  woman  of  forty,  who 
had  been  ill  for  two  years  :  The  s])leen  was  considerably  enlarged,  but  this 
had  been  regarded  as  malarial.  Some  time  before  death,  nodules  appeared 
in  the  skin  of  the  chest  and  arms,  and  then  elsewhere.  Examination 
of  the  blood  showed  enormous  leukocytosis  with  myelocytes  and  eosino- 
philes.  The  patient  passed  out  of  observation,  but  after  deatli  an 
autopsy  was  obtained  and  sections  of  the  skin  showed  a  dense  small-cell 
infiltration,  most  of  the  cells  being  lymphocytes  in  the  lower  part  of 
the  cutis.  No  myelocytes  could  be  identified  and  only  an  occasional 
plasma  cell  appeared. 

Pinkus'  also  refers  to  this  subject  and  reports  3  cases,  all  in  persons 
of  advanced  years  and  having  the  symptoms  and  blood-conditions  of 
lymphatic  leukemia.  The  author  points  out  tliat  the  same  microscopic 
features  may  occur  in  pseudoleukemia  as  are  found  in  lymphatic  leu- 
kemia, and  that  there  may  be  in  the  blood  a  gradual  transition  from 
one  to  the  other  disease.  He  distinguishes  three  classes  of  tumors  of 
the  skin  associated  with  lymphemia  :  (1)  Lymphatic  tumors;  (2)  com- 
bination of  sarcoma   of  the  skin   with   lymphatic  leukemia ;    and  (3) 

'  Monatshef.f.  Prakt.  Dermatol,  1S09,  II.  »  Jour,  of  Exper.  Med.,  1899,  vol.  iv. 

*Archiv.J.  Dermatol  u.  Syph.,  1899,  vol.  1. 
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combinations  of  mycoses  resembling  mycoses  fungoides  and  lymphatic 
leukemia. 

In  a  case  of  acute  leukemia  under  the  editor's  observation  there 
was  a  general  eruption  of  white  and  reddish  nodules,  which  appeared  in 
the  skin  a  short  time  before  death,  and  completely  vanished  during  the 
last  twenty-four  hours  of  life.  No  histologic  lesions  could  be  discovered 
in  the  skin  post  mortem.  The  changes  were  attributed  to  circulatory 
condition  s. — Ed.] 

Hemorrhages  from  the  skin  are  not  frequent.  They  occur  princi- 
pally during  an  acute  exacerbation,  such  as  is  not  rarely  observed 
toward  the  end  of  life.  Edema  arises  over  all  parts  of  the  body, 
as  a  result  of  pressure  of  the  lymphomata  on  the  veins  and  the  lymph 
vessels. 

On  account  of  the  development  of  lymphomata  in  various  glands 
of  the  face,  a  peculiar  appearance  is  produced,  very  similar  to  that  first 
described  by  Mikulicz  under  the  name  of  symmetric-tumor  formation 
of  the  lacrimal  and  salivary  glands.  To  a  certain  extent,  it  simulates 
in  its  clinical  aspect  the  picture  which  we  described  in  Chloroma  (Tietz, 
Kiimmel). 

The  cases  of  this  kind  occurring  in  the  course  of  leukemia  seem  to 
be  extremely  rare.  True  tumors  arise  in  the  lacrimal,  parotid  and  sub- 
maxillary glands,  but  only  in  association  with  lymphomata  that  have 
arisen  outside  the  glands  in  the  connective  tissue. 

Combinations  of  sarcoma  with  lymphatic  leukemia  have  been  occa- 
sionally described.  In  some  of  the  cases  we  have  to  do  with  spindle- 
cell  sarcoma.  The  frequently  described  combinations  of  leukemia 
with  round-cell  sarcoma  are  open  to  the  objection  of  v.  Baumgar- 
ten,  who  demonstrated  that  the  sarcoma-like  pictures  in  })seudoleu- 
kemia  are  to  be  considered  simply  as  pseudoleukemic  formations.  It 
would  be  difficult  to  prove  that  a  round-cell  tumor  in  a  case  of 
lymphatic  leukemia  was  a  round-cell  sarcoma  and  not  a  leukemic 
deposit. 

[Tiirk  ^  records  a  case  of  acute  leukemia  with  lymphosarcomatous 
lesions.  The  patient  was  a  man  of  forty-one,  who  complained  of  pains 
in  the  limbs,  followed  by  general  weakness  and  further  variable  symp- 
toms. Moderate  enlargement  of  the  spleen  was  found  in  the  beginning, 
and  later  the  spleen  and  liver  increased  greatly.  The  white  corpuscles 
numbered  G5,800,  of  which  55  per  cent,  were  lymphocytes  of  unusual 
size  and  with  a  striking  number  of  fat-droplets.  Normoblasts  were 
conspicuous.      Later,  the  leukocytes    increased    still   more    and   there 

1  MiUheil.  d.  GesellscLf.  innere  Med.  in  Wirn.  11.9,  p.  88,  1903. 
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were  70  per  cent,  of  giant  lymphocytes.  The  autopsy  showed  lympho- 
sarcoma of  the  stomach,  intestines,  kidney,  bladder,  prostate,  pelvic 
tissues,  pancreas,  heart,  and  pleura.  The  spleen,  marrow,  and  the  mod- 
erately enlarged  lymphatic  glands  showed  the  histologic  appearances 
seen  in  acute  leukemia. 

Strauss  '  records  a  case  of  sarcomatosis  with  lymphatic  leukemia. 
The  j)reparations  from  his  case  had  been  previously  described  by  Vir- 
chow  and  published  in  the  Berlin,  klin.  Woch.,  1898,  No.  27.  The 
leukocytes  in  this  case  numbered  32,000  to  65,000,  of  which  90  per 
<jent.  were  mononuclear ;  the  great  majority  of  these  being  small  lympho- 
cytes. 

Ewing  ^  refers  to  a  case  of  lymphatic  leukemia  in  which  he  found 
endothelioma  of  the  glands. — Ed.] 

Albuminuria  and  casts  in  the  urine  as  signs  of  nephritis  are  not 
common.  Acute  hemorrhagic  nephritis  occasionally  occurs  during  the 
acute  termination  of  a  chronic  leukemia. 

The  liver  is  frequently  enlarged.  Nevertheless,  only  the  very 
marked  enlargements  give  rise  to  subjective  symptoms  (intense  pain 
from  a  complicating  perihepatitis  (Hall). 

Diseases  of  the  vascular  system  play  an  important  though  not 
as  conspicuous  a  role  as  in  acute  leukemia.  The  brown  degeneration 
of  the  heart,  almost  constantly  present,  gives  rise  to  no  prominent  symp- 
tom, and  the  cardiac  action  itself  presents  no  peculiarities  apart  from 
the  rare  cases  of  endocarditis,  and  these  frequently  are  discovered  only 
post  mortem.  Disease  of  the  peripheral  vessels  is  correspondingly  fre- 
quent. Its  results  are  noticeable  in  hemorrhages  into  all  the  organs, 
though  the  hemorrhages  of  chronic  lymphatic  leukemia  are  by  no  means 
so  characteristic  of  the  disease  picture  as  those  of  acute  lymphatic 
leukemia.  They  seem  to  be  especially  frequent  in  the  terminal  stages, 
when  the  disease  has  taken  on  a  more  rapid  course  and  the  blood  shows 
the  signs  of  a  marked  increase  in  lymphocytes.  The  distribution  of 
the  hemorrhages  is  differentiated  in  no  way  from  that  in  acute  leu- 
kemia. Apart  from  the  ordinary  locations  (mentioned  under  Acute  Leu- 
kemia), several  special  cases  have  been  described  ;  for  example,  hemor- 
rhage from  the  iris  and  ciliary  body  into  the  anterior  chamber  (Sorger), 
fatal  hemorrhage  into  the  abdominal  cavity  following  rupture  of  one 
of  the  internal  organs  (rupture  of  the  suprarenal  capsule  has  been 
reported  several  times  (Fleischer  and  Pentzoldt). 

Disease  of  the  nervous  system  is  infrequent  in  chronic  leukemia. 
It  consists  partly  in  a  lymphomatous  development  about  and  in  the 

1  Charite-Ann.,^^  p.  434,  1898.  *  Clin.  Path,  of  the  Blood. 
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peripheral  nerv^es,  though  more  frequently  in  degeneration  of  the  nerve 
fibers  with  or  without  preceding  hemorrhage. 

Paralysis  of  individual  nerves  and  nerve  groups  are  thus  produced. 
The  lesions  occur  in  the  spinal  nerves  (crural,  sciatic),  though  more 
commonly  in  the  upper  part  of  the  medulla  oblongata  and  the  cerebral 
nerves.  Consequently,  w^e  find  bulbar  conditions  with  facial  paralysis, 
anesthesia  of  the  skin  of  the  face,  loss  of  taste,  dysphagia,  disturbances 
resembling  ]\l6niere's  disease,  difficulty  of  hearing  even  to  deafness,  and 
derangements  of  sight  even  to  blindness. 

The  changes  in  the  ear  are  often  associated  with  the  lesions  of  an 
old  otitis,  at  the  site  of  which  the  leukemia  alterations  occur  in  the 
shape  of  old  or  recent  connective-tissue  formation  or  organized  remains 
of  hemorrhages  (Politzer,  Gradenigo,  Kiimmel).  Still,  the  disturbances  of 
hearing  appear  to  be  produced  more  frequently  by  leukemic  infiltrations 
and  hemorrhages  into  a  completely  healthy  ear  (Schwabach).  Occasion- 
ally they  are  brought  about  by  central  disease  (degeneration  in  the 
medulla  oblongata,  Kast)  or  by  disease  of  the  auditory  nerve  itself. 

The  ocular  symptoms  are  much  more  frequent,  yet  by  no  means 
so  constant  as  in  acute  leukemia.  Genuine  lymphomata  are  extremely 
rare.  They  are  observed  most  commonly  on  the  conjunctiva  and  also 
occasionally  on  the  iris.  Hemorrhages,  on  the  contrary,  from  the  con- 
junctiva, iris,  and  ciliary  body,  as  well  as  into  the  eyeball  and  its 
posterior  wall,  are  frequent.  The  retinitis  leukoemica,  shown  by  the 
ophthalmoscope  as  white  specks,  infiltration  of  the  vessels  and  hemor- 
rhages, is  especially  characteristic. 

As  in  the  case  of  the  ear,  derangement  of  vision  may  be  referable 
either  to  alterations  in  the  eye  itself  or  to  lesions  in  the  optic-nerve 
degeneration  following  lymphomatous  infiltration  or  hemorrhage  or  in 
the  more  distant  nervous  apparatus  (compression  of  the  sympathetic 
(Chvostek). 

In  the  course  of  the  disease,  weakness  and  emaciation  set  in,  though 
they  reach  a  high  grade  only  in  very  protracted  cases,  and  usually  are 
not  marked,  even  during  complications  at  the  termination  of  the  disease. 
The  metabolistn  shows  no  abnormality  other  than  would  be  jiroduced 
by  the  existing  anemia.  In  acute  exacerbations  the  tissue  destruction 
(as  judged  from  its  producits)  approaches  that  seen  in  acute  leukemia. 

The  occurrence  of  the  so-called  Be) ice- Jones'  body  in  the  urine  has 
been  reported  in  1  case  by  Askanazy.  This  is  an  albumose  which 
stands  in  close  relation  to  the  lymphadenoid  alteration  of  the  bone- 
marrow. 
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It  is  precipitated  by  warming  the  urine  and  is  dissolved  by  further  heat- 
ing. The  precipitation  begins  at  about  50°  C.  and  is  most  marked  at  about 
60°  C.  While  cooling  (after  overheating)  the  precipitate  again  appears. 
The  precipitate  produced  by  acids  or  by  a  mixture  of  acetic  acid  and  potas- 
sium ferrocyanid  is  dissolved  in  the  same  way  by  heating.  The  urine  gives 
the  biuret  reaction.  The  alcoholic  precipitate  dissolves  in  water.  In  Aska- 
nazy's  case  not  only  the  urine,  l)ut  the  watery  extract  of  the  spinal  marrow, 
gave  the  reactions  for  this  body,  though  the  other  lymphatic  tumors  did  not. 

The  fever  is  to  be  regarded  as  belonging  to  leukemia  only  during 
the  acute  exacerbations,  and  otherwise  must  be  considered  the  result  of 
a  complication. 

One  of  the  most  frequent,  earliest,  and  most  important  symptoms  is 
dyspnea,  the  causes  of  which  may  vary.  Virchow  attributed  it  to 
the  respiratory  incapacity  of  the  blood.  More  frequently,  especially  in 
incipient  cases,  the  cause  may  lie  in  the  mechanic  obstruction  to  the 
entrance  of  air  and  blood  to  the  lungs.  This  obstruction  is  produced 
by  the  pressure  of  a  lymphoma  on  the  large  blood-vessels,  trachea, 
bronchi,  or.  the  lung  itself  (Trousseau),  and  may  represent  a  very  early 
symptom.  More  rarely  the  dyspnea  is  produced  by  lymphomatous 
tumors  in  the  walls  of  the  respiratory  tract  (in  the  mouth,  nose,  larynx, 
trachea,  bronchi — Virchow),  and  under  these  circumstances  has  several 
times  necessitated  a  tracheotomy  on  account  of  the  danger  of  suffocation. 
This  condition  never  occurs  except  within  a  few  days  of  death,  and  the 
operation  prolongs  life  but  a  short  time  (Epstein,  Mager). 

Course. — For  a  long  time  (Ehrlich-Dorpat)  we  have  differentiated 
in  the  course  of  chronic  leukemia  a  stage  of  prodromes  and  develop- 
ment and  a  stage  of  outspoken  cachexia.  Though  a  very  useful  division, 
it  offers  no  sharply  defined  time-period  on  account  of  the  regularly  pro- 
gressive character  of  the  disease.  Sometimes  the  period  of  development 
is  very  prstracted  ;  in  fact,  lymph-gland  tumors,  present  for  years  and 
growing  slowly,  may  sometimes  represent  the  beginning  of  the  disease, 
which  is  recognized  only  in  a  much  later  stage.  As  a  rule,  the  spread 
of  the  lymphomata  advances  slowly,  and  the  transition  to  the  cachectic 
stage  which  terminates  in  death,  from  mechanic  obstruction  (suffoca- 
tion) or  prostration,  is  unnoticeable.  Yet,  not  rarely,  the  transition 
from  an  apparently  harmless  enlargement  of  the  lymph  glands  to  a 
general  leukemic  lymphomatosis  takes  place  suddenly,  with  an  explo- 
sive-like eruption  of  lymphatic  tumors  over  the  entire  body,  followed 
by  a  normally  long,  chronic  course  (Birch-Hirschfeld). 

In  the  further  course,  which,  so  far  as  we  know  from  the  cases  care- 
fully observed,  invariably  terminates  in  death,  two  varieties  are  to  be 
differentiated  : 


CHRONIC  LYMPHATIC  LEUKEMIA.  595 

(«)  Death  occurs  at  the  end  of  a  protracted  course  as  a  natural  result 
of  the  cachexia  or  through  an  anatomic  hindrance  to  life.  Yet  it  is  not 
necessary  that  the  case  run  uninterruptedly  to  death.  Quite  consider- 
able remissions  in  the  general  clinical  symptoms — in  fact,  even  occasional 
improvement  of  the  blood-picture — are  not  rare.  Moreover,  apparent 
intermissions,  sometimes  lasting  months,  have  been  described  in  which 
complete  euphoria  returned  and  the  swelling  of  the  lymphatic  structures 
retrograded.  True,  the  blood  continues  to  show,  at  least  in  all  the 
cases  submitted  to  our  modern  technic,  a  considerable  increase  in 
lymphocytes.  In  the  few  cases  said  to  have  terminated  in  recovery, 
the  further  course  is  not  sufBciently  known. 

Premature  death  through  intercurrent  disease  arising  on  the  soil 
prepared  by  the  underlying  process  is  not  at  all  rare.  Among  such  we 
must  mention  the  fatally-terminating  pneumonias  and,  as  a  relatively 
uncommon  complication,  tuberculosis. 

Death  is  likewise  to  be  considered  premature  in  the  cases  in  which 
pressure  of  the  glands  or  other  lymphatic  tumors  hinders  the  function 
of  vital  organs.  This  is  frequently  brought  about  by  the  pressure  of 
large  mediastinal  or  other  tumors  in  the  region  of  the  head  and  neck, 
causing  dyspnea  by  compression  of  the  trachea  or  obstruction  of  the 
mouth  and  nose,  interference  with  the  circulation  of  the  head  and  the 
upper  half  of  the  body  by  compression  of  the  large  vessels  of  the  chest, 
or  prevention  of  nourishment  by  obstruction  of  the  esophagus. 

(6)  Death  occurs  after  an  acute  exacerbation  of  the  process.  The 
slow  process,  then  (as  in  pseudoleukemia  cases),  gives  way  shortly 
before  death  to  an  acute,  often  febrile  stage,  which  terminates  fatally  in 
several  weeks  or  even  days,  and  presents  exactly  the  same  symptom- 
complex  as  we  saw  in  acute  leukemia. 

PATHOLOGIC  ANATOMY. 
MACROSCOPIC   FINDING. 

The  pathologic  anatomy  of  chronic  lymphatic  leukemia  is  exceed- 
ingly simple  and  to  a  certain  extent  schematic  in  its  representation. 
The  picture  is  predominated  by  the  new  formation  of  lymphatic  tissue, 
to  which  are  added  moderate  organic  changes  of  a  degenerative  nature, 
brought  about  secondarily  by  pressure  and  interference  with  nourish- 
ment. The  most  striking  alterations  arc  found,  as  a  rule,  in  the  lymph 
glands,  especially  of  the  trunk  (neck  and  axilla,  chest  and  abdomen). 
Following  these,  we  have  the  alterations  in  the  spleen  and  bone-marrow 
and  the  accumulations  of  adenoid  tissue  in  other  organs,  especially  the 
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liver.  The  participation  of  the  lymph  structures  of  the  gastro-iutestinal 
tract  and  the  mouth  is  usually  noticeably  slight  and  so  unusual  that, 
when  it  occurs  to  any  marked  degree,  the  cases  are  considered  excep- 
tions and  are  categorized  under  the  name  gastro-intestinal  form  of  leu- 
kemia (Behier). 

Nevertheless,  small  accumulations  of  lymphadenoid  tissue  seem  to 
be  much  more  widespread  than  the  naked-eye  appearance  would  indi- 
cate ;  for  everywhere,  in  apparently  normal  organs,  collections  of 
lymphocytes  of  sometimes  not  inconsiderable  size  are  frequently  found 
microscopically. 

The  localization  and  distribution  of  the  enlarged  lymph  glands 
conforms  to  no  rule  so  far  recognized,  although  it  is  probable  that  the 
point  of  entrance  of  the  excitant  or  its  greatest  concentration  corre- 
sponds with  the  greatest  enlargement.  The  glands  in  the  region  of  the 
neck  and  head  are  most  frequently  enlarged.  This  is  the  case  in  typic 
leukemia  showing  a  marked  lymphocytosis,  and  much  more  so  in  pseu- 
doleukemia, in  which  the  immense  enlargement  of  the  glands  between 
the  ear  and  the  thorax  is  almost  characteristic. 

In  cases  showing  a  high-grade  lymphocytosis  in  the  blood  the 
glands  are  usually  soft — often  almost  to  the  point  of  fluctuation — have 
a  clear  yellowish-gray  appearance,  and  are  bound  together  only  by  loose 
connective  tissue  which  is  readily  broken.  Their  form  is  oval  or  ellip- 
soid ;  and  they  are  usually  flattened  out,  though  sometimes  only  on 
one  side,  depending  on  their  position  and  the  pressure  exercised  by  the 
surrounding  tissue.  Their  interior  consists  of  a  soft  reddish-gray  or 
sometimes  whitish-yellow  mass,  provided  no  secondary  changes,  like 
hemorrhages,  have  occurred.  The  cut  section  is  lusterless,  wells  over 
the  borders,  hollowing  out  in  the  middle,  and  gives  a  readily  scraped- 
off  grayish-cloudy  juice  which  sometimes  flows  in  drops.  In  the  pure 
soft  variety  no  stroma  is  to  be  seen.  As  in  the  acute  form,  though 
much  more  rarely,  hemorrhages  are  found  in  the  shape  of  red  spots  and 
streaks  when  the  foci,  are  recent,  of  brownish-red  to  black-brown  spots 
when  old. 

The  glands  are  less  commonly  firm,  even  to  hardness.  This  variety 
of  swelling  is  more  frequent  in  pseudoleukemia,  under  which  it  will  be 
further  discussed. 

Spleen. — The  spleen  is,  as  a  rule,  enlarged.  There  is  apparently 
no  simple  relation  between  the  blood-finding  and  the  size  of  the  splenic 
tumor,  though  the  general  rule  holds  that  leukemias  with  a  marked 
alteration  of  the  blood  are  frequently  associated  with  moderate-sized 
tumors,  while  the  largest  ones  are  found  in  pseudoleukemic  cases.     As 
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in  the  lymph  glands,  so  also  in  the  spleen,  a  soft  and  a  hard  variety  are 
to  be  difierentiated.  In  both  we  frequently  find  perisplenic  changes 
when  the  capsule  appears  dull  white  and  sometimes  irregularly  thick- 
ened and  hardened. 

On  section,  the  soft  form  is  yellowish  red  to  brownish  red,  quite 
jelly-like  in  character,  and  sometimes  shows  the  follicles  emphasized 
when  they  appear  as  grayish  or  reddish-yellow  points,  enlarged  in  com- 
parison with  the  normal.  More  frequently,  however,  a  sharp  limita- 
tion of  the  follicular  region  from  its  surrounding  is  impossible  on 
account  of  the  splenic  tissue  being  riddled  with  washed-out  follicles 
occurring  as  specks  and  streaks,  and  this  diffuse  spreading  appears  even 
more  evidently  under  the  microscope.  Hemorrhages  around  a  central 
white  focus  are  not  rare.  We  frequently  find  larger,  clear,  firm  nodules 
with  a  dark-red  halo,  consisting  for  the  most  part  of  thick  accumula- 
tions of  lymphocytes. 

All  transitions  between  the  soft  and  hard  forms  are  seen.  In  ex- 
treme cases  the  spleen  grates  under  the  knife,  and  no  impression  can 
be  made  with  the  finger  on  the  cut  surface.  The  parenchyma  is  either 
uniformly  brownish  red,  without  distinct  follicles,  but  with  a  fatty  luster 
on  the  hard  cartilage-like  cut  surface,  interrupted  only  by  the  cross- 
sections  of  the  vessels  with  thickened  walls,  or  the  brownish-red  cut 
surface  is  riddled  with  yellowish  or  whitish  specks  and  streaks,  repre- 
senting enlarged  follicles  or  circumvascular  collections  of  round  cells. 

When,  through  secondary  causes,  a  rapid  increase  in  the  splenic 
tumor  takes  place,  the  appearance  of  the  organ  changes.  This  is  fre- 
quently the  result  of  secondary  infection  or  of  profuse  diarrhea  sub 
finem  vike,  and  has  been  attributed,  whether  justifiably  or  not,  to  the 
effect  of  the  therapy.  At  any  rate,  by  the  simple  washing  out  of  the 
lymphocytes,  the  spleen  becomes  rapidly  smaller  and  presents  again  an 
entirely  normal  appearance  and  consistence. 

Areas  of  softening  are  rare  and  are  always  to  be  attributed  to  infec- 
tious deposits  shortly  before  death.  They  are  represented  by  abscesses 
consisting  of  the  ordinary  polynuclear  pus-corpuscles. 

In  addition  to  the  small  hemorrhages  previously  mentioned,  large 
infarcts  occur,  which  are  sometimes  of  sufficient  size  to  be  discovered 
during  life  (Litten). 

Bone-marrow. — Pathologic  changes  in  the  bone-marrow  are  more 
frequent  than  in  the  spleen,  A  largo  number,  especially  of  tiie  recent 
writers,  attribute  such  importance  to  the  lympi)atic  metamorphosis  of 
the  marrow  of  the  long  bones  that  they  make  the  diagnosis  of  obscure 
cases  dependent  on  it,   and,  following  Neumann,  they  even    lay  the 
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origin  of  every  leukemia,  whether  myelogenous  or  lymphatic,  to  the 
bone-marrow.  Though  this  theory  would  simplify  the  pathogenesis  of 
leukemia,  it  can  scarcely  be  proved,  as  we  will  see  in  the  discussion  of 
the  histogenesis,  and,  for  other  reasons  previously  mentioned,  it  is  not 
to  be  considered.  The  important  fact,  stated  by  Neumann  with  special 
emphasis,  in  regard  to  the  exclusive  disease  of  the  bone-marrow  in 
leukemia  is  applicable  particularly  (as  Walz  insists)  to  acute  leukemia. 
The  history  of  Neumann's  case,  which  seems  to  have  been  an  exception, 
of  Browdowski's  and,  possibly,  of  Waldeyer's,  or  of  any  recent  case 
(for  instance,  Pappenheim's)  is  not  sufficiently  known  to  pass  a  verdict 
on  the  duration  of  the  leukemia  before  the  beginning  of  observation. 
Moreover,  in  chronic  leukemia  we  have  seen  the  swelling  of  the  spleen 
and  glands  disappear ;  consequently  we  have  no  reason  to  suppose  that 
the  same  mechanism  could  not  produce  such  a  rapid  discharge  of  newly- 
formed  cells  that  any  gross  swelling  would  be  prevented  from  the 
beginning  (see  p.  564).  Further,  that  only  the  bone-marrow  should  be 
found  decidedly  abnormal  in  these  cases  is  not  so  striking.  In  lym- 
phatic leukemia  we  see  all  the  blood-making  organs  transformed  into 
manufactories  for  lymphocytes.  This  transformation  in  the  general 
lymphatic  apparatus  is  only  one  of  degree ;  in  other  words,  is  scarcely 
more  than  a  simple  hyperplasia  (true,  more  evidently  so  in  the  lymph 
glands  than  in  the  spleen),  an  internal  metamorphosis  recognizable  in 
the  lymph  glands  by  obliteration  of  the  difference  between  the  prolifer- 
ating central  and  the  quiescent  marginal  zone  (see  pp.  564,  601).  In 
the  bone-marrow,  however,  the  lymphadenoid  hyperplasia  represents  the 
development  of  a  tissue,  which  ordinarily  stands  in  the  background — 
it  represents,  in  fact,  the  development  of  an  entirely  new  tissue,  and  so 
it  is  readily  recognized.  The  second  argument  for  the  importance  of 
the  bone-marrow — namely,  that  it  is  invariably  affected,  is  not  objec- 
tionless,  since  isolated  cases  (especially  that  of  Fleischer  and  Pentzoldt) 
are  known  in  which  no  abnormality  was  found  and  the  positive  findings, 
though  numerous,  are  not  yet  convincing.  True,  these  negative  cases 
were  not  subjected  to  all  the  demands  of  our  modern  technic,  and  it  is 
possible  that  on  a  more  careful  examination  abnormalities  would  have 
been  found. 

[Rosenfeld  *  reports  3  cases  of  chronic  lymphatic  leukemia,  and 
believes  that  the  disease  was  primary  in  the  lymphatic  glands,  with 
secondary  metastasis  to  various  organs  in  1  of  his  cases.  He  thinks 
the  evidence  is  against  a  primary  myelogenous  origin  of  lymphatic  leu- 
kemia, and  that  the  bone-marrow  was  certainly  secondarily  involved  in 
1  Zeit.  f.  /clin.  Med.,  Bd.  xlii.,  h.  1  and  2. 
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2  of  his  cases.  His  general  view  of  leukemia  is  that  it  is  a  wide- 
spread lymphosarcomatosis  with  varying  symptoms,  according  to  the 
parts  affected.  The  morphologic  distinction  of  lymphemia  and  myel- 
emia  must  be  accepted  only  up  to  a  certain  point.  The  large  lympho- 
cytes in  Friinkel's  acute  cases  would  have  been  attributed  to  the  bone- 
marrow,  according  to  the  morphologic  method  of  study. — Ed.] 

The  bone-marrow  in  lymphatic  leukemia  presents  a  picture  which 
Neumann  has  described  so  thoroughly  under  the  name  of  lymphadenoid 
transformation  that  we  can  not  do  better  than  repeat  his  own  words  : 

"  The  color  fluctuates  between  red  and  gray  in  the  most  varying 
transitions  and  combinations.  The  consistence  is  sometimes  soft  like 
jelly,  again  quite  hard  like  a  succulent  lymph  gland.  The  tissue  is 
held  together  much  more  firmly  than  in  the  previous  cases  (that  is,  of 
'  pyoid '  metamorphosis  in  myelogenic  leukemia),  so  that  I  found  the 
marrow  easier  to  harden  in  chromic  acid  and  alcohol,  and  easier  to 
bring  into  a  suitable  state  for  cutting  microscopic  sections  than  under 
the  ordinary  pathologic  and  normal  conditions.  There  was,  conse- 
quently, no  difficulty  in  convincing  ourselves  that  we  had  to  do  with  a 
tissue  which  resembled  closely  the  adenoid  or  reticular  tissue  of  lymph 
glands.  Lymphoid  cells,  usually  of  the  small  variety,  so  far  as  our 
observations  extended,  lay  thickly  massed  in  the  meshes  of  a  fairly 
thick  irregular  reticulum,  which  contained  numerous  oval,  clear  nuclei 
provided  with  nucleoli,  and  these  nuclei  were  distinguished  from  those 
of  the  lymph  corpuscles  by  their  greater  size  and  lusterlessness.  The 
vascular  apparatus,  so  far  as  could  be  seen  without  injection,  showed 
capillaries  of  a  smaller  diameter  than  in  the  ordinary  red  marrow. 
Their  walls  were  occupied  ])y  the  same  large  oval,  clear  nuclei  as  were 
found  in  the  reticulum,  and  were  bound  to  the  latter  by  fasciculi  which 
were  inserted  sometimes  into  the  nuclear  portions  of  the  vessels  and 
again  passed  over  into  fine  anuclear  thread-like  prolongations  of  the 
vessel  wall." 

In  general,  a  red  to  dark-red  color  prevails  in  the  marrow  of  the 
tul)ular  bones.  It  is  readily  translucent,  of  a  gelatinous  consistence, 
and  is  appropriately  described  by  the  term  raspberry-jelly-like. 

The  marrow  of  the  short  and  flat  bones  is  usually  unaltered  to  the 
naked  eye,  though  it  sometimes  inclines  to  a  brick-red  or  brown  color. 

The  marrow  spaces  are  usually,  even  if  often  only  slightly,  distended. 
The  cortex  of  the  bones  is  riddled  in  places  by  dilated  canals,  from 
which  the  marrow  seemingly  wells  out  and  produces  nodular  masses 
between  the  periosteum  and  the  l)one.  Whether  the  condition  of  osteo- 
sclerosis, which  has  been  described  rarely  in  myeloid  leukemia  (Henck) 
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and  in  some  lymphatic  hyperplasias  of  the  bone-marrow  (multiple 
myelomata  [Kahler,  Hammer,  v.  liaumgartcn] ,  lymphosarcomatosis 
[Tiirck]),  oecurs  also  in  lymphatic  leukemia,  is  not  known. 

In  addition  to  these  three  organs  (lymph  glands,  spleen,  and  bone- 
marrow),  particularly  known  as  lymphocyte  builders,  metastatic  accu- 
mulations are  found  in  almost  all  the  organs.  These  so-called  metastases 
are  not  the  result  of  the  deposition  of  displaced  parts  of  tumors,  as 
are  the  metastases  of  malignant  tumors  ;  in  fact,  this  designation  has 
been  adopted  merely  on  account  of  its  readiness  and  easy  intelligi- 
bility. 

I/iver. — Such  scattered  lymphomata  are  almost  constantly  present 
in  the  liver  as  very  small  to  hazel-nut-size  nodules  and  streaks,  usually 
yellowish  white  in  color  and  situated  on  the  surface  and  in  the  interior 
of  the  organ.  As  we  shall  see  later,  microscopic  examination  shows 
them  surrounding  the  branches  of  the  portal  vein.  Besides  these  lym- 
phatic deposits,  we  find  only  slight  degenerative  changes,  as  fatty 
degeneration  of  the  marginal  parts,  and  moderate  pigmentation.  The 
whole  organ  is  frequently  enlarged,  though  usually  only  moderately, 
and  but  rarely  to  a  high  degree. 

Kidneys. — The  conditions  in  the  kidneys  are  very  similar.  The 
same  whitish  nodules  and  streaks  are  seen,  made  up  of  lymphocytes 
deposited  in  the  circumvascular  connective  tissue  and  between  the 
tubules  of  the  kidney  parenchyma.  The  parenchyma  is  usually  un- 
altered and  shows  no  signs  of  degeneration.  Inflammation  of  the 
kidney,  as  mentioned  in  the  clinical  part,  is  rare,  yet  acute  hemorrhagic 
nephritis  sometimes  occurs.  Uric-acid  infarcts  have  been  described 
but  seldom. 

The  mucous  membranes  usually  show  slight  changes.  The 
most  frequent  of  these  is  lymphoid  enlargement  of  the  tonsils  and, 
considerably  more  rare,  swelling  of  the  nasal  and  pharyngeal  mucous 
membrane.  The  leukemic  collections  in  the  larynx  and  the  trachea 
occur  either  as  nodules  in  the  mucous  membrane,  which  under  the 
influence  of  trauma  and  infection  may  ulcerate,  or  as  a  difluse  raised 
infiltration  of  the  false  vocal  cords  (leading  sometimes  to  obstruction 
of  the  respiratory  tract)  and  of  the  deeper  parts  of  the  larynx  and 
trachea.  They  rarely  afiect  the  epiglottis  and  true  vocal  cords.  The 
leukemic  process  in  the  larynx  is  very  frequently  complicated  by  ulcers 
in  the  region  of  the  vocal  cords,  which,  by  a  widespread  necrosis  of 
the  cartilage,  penetrate  through  to  the  pharynx  (Mager).  Hemorrhages 
have  been  observed  several  times,  edema  of  the  glottis  never. 

The  rest  of  the  respiratory  tract  shows  but  little  tendency  to 
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leukemic  lesions.  In  the  same  way  the  entire  gastro -intestinal 
tract  shows  but  slight  changes  (swelling  of  the  follicles,  necroses,  and 
ulcers),  and  then  only  in  the  cases  which  become  acute  near  the  end 
of  life. 

Skin. — The  leukemic  tumors  of  the  skin  present  moderately  sharply 
circumscribed  nodules  with  a  uniform  grayish-red  to  whitish  cross-sec- 
tion, which  clearly  resembles  that  of  the  lymph  glands  in  luster  and 
color.  The  other  leukemic  changes  in  the  skin,  post  mortem,  show 
nothing  remarkable  to  the  naked  eye. 

In  the  nervous  system  lymphomata  are  observed,  especially  in 
the  peripheral  nerves.  They  occur  most  frequently  in  the  region  of  the 
cerebral  nerves ;  thus,  lymphomata  have  been  described  about  the  optic 
nerve,  causing  protrusion  of  the  bulb  (Birk),  about  the  branches  of  the 
trigeminus,  the  facial  and  acoustic  nerves.  At  these  sites  we  find  de- 
generation of  the  nerve  fibers,  partly  due  to  the  pressure  of  the 
lymphoma,  partly  to  causes  so  far  unknown. 

Lymphomata  have  practically  never  been  observed  in  the  brain  and 
spinal  cord.  Yet  isolated  areas  of  softening  and  degeneration  have 
been  encountered,  especially  in  the  bulbar  region,  which  were  produced 
sometimes  by  the  pressure  and  the  consequent  nutritive  interference  of 
neighboring  (meningeal)  lymphomata,  again  without  known  cause. 

Lymphomata  are  more  frequent  in  the  cerebral  and  spinal  mem- 
branes. 

The  middle  and  internal  ear,  according  to  Schwabach,  are  often  the 
seat  of  lymphatic  accumulations  and  hemorrhages. 

HISTOLOGIC  FINDING. 

The  uniformity  of  the  anatomic  changes  becomes  most  apparent  under 
the  microscope.  The  fundamental  microscopic  structure  consists  at  first 
of  a  circumvascular  collection  of  lymphocytes,  which  later  takes  on  a 
tumor-like  appearance  (hyperplasia).  Under  certain  circumstances  we 
have,  too,  an  increase  in  the  connective-tissue  stroma  (sclerosis),  which 
works  against  the  lymphocytic  increase  and  may,  in  places,  lead  to  de- 
struction of  the  lymphatic  parenchyma. 

In  the  lymph  glands  we  find  greater  and  smaller  masses  of  regu- 
larly round  cells  corresponding  to  the  medullary  columns  and  cortical 
nodules,  though  usually  much  larger.  In  their  internal  structure  these 
columns  and  nodules  often  resemble  the  normal  so  closely  that  the  pro- 
liferating center  may  be  distinguished  from  the  peripheral  quiescent 
zone  (Bizzozero).  Yet,  possibly,  the  difference  between  the  large-cell 
proliferating  center  and  the  small-cell  border  zone  is  more  frequently 
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obliterated,  and  we  have  one  mass  of  uniformly  small  mononuclear 
celk,  as  in  a  quiescent  gland  (Pinkus). 

The  cells  consist  of  a  round  nucleus  which  stains  intensely  with 
hematoxylin  and  basic  an  ill  u  dyes  and  which  contains  a  number  of 
large  dark  chromatin  granules,  connected  with  one  another  by  fine 
chromatin  threads.  These  large  granules  are  arranged  especially  about 
the  margin,  though  a  few  are  found  in  the  center.  The  substance  be- 
tween these  chromatin  filaments  remains  almost  unstained.  The  nucleus 
is  usually  situated  a  little  excentrically  in  the  small  ring  of  protoplasm 
which  represents  the  cell  body.  In  sections  hardened  in  alcohol  the 
cell  body  stains  but  feebly  with  acid  and  almost  not  at  all  with  basic 
dyes,  and  is  usually  extended  into  irregular,  jagged  prolongations  in  the 
form  of  a  star.  It  seems  to  consist  of  a  thick  filamentous  network. 
No  granulations  have  been  found  in  it. 

Statements  differ  as  to  the  degree  of  increase  of  these  lyifaphocytes. 
While  an  increase  in  mitoses  has  been  asserted  now  and  again  (Biz- 
zozero),  they  are  frequently  found  wanting,  possibly  as  a  result  of  the 
proliferation  ceasing  at  the  time  of  death  (Pinkus).  It  appears  as  if 
the  assertions  in  regard  to  the  increased  formation  of  lymphocytes  rep- 
resented the  histologic  findings  of  intra-vitam  extirpated  glands  rather 
than  of  glands  removed  post  mortem.  We  have  absolutely  no  ground 
at  present  for  the  assumption  that  when  no  mitoses  are  found  the  in- 
crease of  cells  has  occurred  in  an  amitotic  way. 

Apart  from  the  reticulum  and  the  vessels,  we  find  almost  nothing 
else  between  the  lymphocytes.  Polynuclear  leukocytes  are  no  more 
frequent  than  in  any  other  non-inflamed  tissue,  and  mast  cells  are  rare, 
yet  eosinophile  cells  are  sometimes  strikingly  increased,  especially  in 
cases  of  pseudoleukemia. 

The  interstitial  connective  tissue  is  represented  in  the  soft  lympho- 
mata  by  a  scanty  normal  tissue  which  carries  the  nerves  and  lymph 
and  blood-vessels,  and  surrounds  the  lymph  sinuses.  From  this  pro- 
ceeds the  delicate  meshwork  in  which  the  lymphocytes  are  imbedded. 
The  lymph  vessels,  especially  the  large  cortical  sinus,  are  filled  with 
lymphocytes,  isolated  polynuclear  leukocytes,  and  large  cells  with  heter- 
ogenous protoplasm,  called  phagocytes,  which  apparently  serve  for  the 
absorption  and  destruction  of  white  and  red  blood-corpuscles. 

Spleen. — The  structure  of  the  spleen  simulates  much  more  than 
normally  the  histologic  picture  of  a  lymph  gland.  The  lymphatic  con- 
stituents are  predominant.  The  whole  organ,  which  is  normally  closely 
allied  to  the  structure  of  a  lymph  gland,  is  transformed  into  a  conglom- 
erate lymphadenoid  mass.     It  is  made  up  of  larger  and  smaller  accu- 
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mulations  of  lymphocytes,  between  which  lie  the  stroma,  the  vessels, 
and  the  sinuses  of  the  spleen.  This  interstitial  tissue  is  scarcely  in- 
creased above  the  normal,  and,  therefore,  in  comparison  with  hyper- 
plastic lymphoid  pulp,  appears  decidedly  in  arrears. 

According  to  the  variety  of  the  splenic  tumor  (hard  or  soft),  the 
trabecular  connective  tissue  may  be  either  increased  or  not.  Yet  even 
in  the  hard  form  we  never  find  a  marked  increase,  since  the  lymphocytic 
parenchyma  always  predominates.  The  vessels  are,  in  general,  well 
filled  with  blood  and  show  considerable  numbers  of  the  large  corpus- 
cle-containing cells,  to  which  we  have  previously  called  attention  in  the 
lymph  glands  under  the  name  of  scavenger  cells. 

Bone-marrow. — Among  the  constituents  of  the  bone-marrow,  all 
are  decreased  except  the  lymphadenoid,  which  is  normally  least  notice- 
able. This  is  increased  to  such  an  extent  that  the  lymphocytes  exceed 
in  number  all  other  cell  varieties.  The  parenchyma  is  composed  almost 
exclusively  of  ordinary  red  blood-corpuscles  and  lymphocytes  (see  p. 
597).  Nucleated  red  blood-corpuscles,  otherwise  very  frequent,  are  in 
outspoken  cases  almost  entirely  wanting ;  the  advanced  stages  of  the 
neutrophile  cells  of  the  blood  and  the  giant  cells  of  the  bone-marrow 
are  lessened  in  number.  The  lymphocytes  filling  the  marrow  spaces 
are  exactly  the  same  as  those  described  in  the  lymph  glands  and  show 
a  round  granular  nucleus  with  a  small  amount  of  protoplasm.  They 
form  a  compact  uniform  mass,  which  wells  through  all  the  openings  of 
the  bone,  overflowing,  as  it  were,  the  narrow  confines  of  the  marrow 
canal.  Thus,  large  lymphatic  nodules  are  formed  under  the  periosteum, 
and  the  canals  from  the  central  marrow  cavity  to  the  subperiosteal  space 
become  dilated. 

The  histologic  picture  of  lymphoraata  in  other  organs  closely  resem- 
bles that  already  described  in  the  lymph  glands.  In  the  follicular 
organs  (mucous  membrane  of  the  mouth  and  of  the  gastro-intestinal 
tract)  we  often  find  obliteration  of  the  boundaries  of  the  follicles  and 
absence  of  the  proliferating  centers.  We  see  then  a  continuous  con- 
nection of  the  increased  reticular  tissue,  which  normally  may  be  unno- 
ticeable,  as  well  as  an  increased  numl)er  of  foci  containing  round  cells 
imbedded  in  the  meshes  of  the  delicate  reticulum.  The  round-cell 
accumulations  in  atypic  localities  are  also  like  the  ordinary. 

Such  accumulations  of  lymphocytes  are  found  in  almost  all  oases  in  the 
liver,  and  somewhat  less  frequently  in  the  kidneys.  In  these  organs 
we  have  to  do  with  a  simple  accumulation  of  lymphocytes  lying  in  the 
well-known  reticulum  made  up  of  cells  with  large  nuclei.  In  the  liver 
they  are  located  ii:  the  connective  tissue  which,  with  the  branches  of 
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the  portal  vein,  surrounds  the  acini,  and  display  the  widest  differences 
in  size — from  a  simple  infiltration  of  several  cells  to  nodules  the  size 
of  a  hazel-nut.  From  tlie  margins  of  these  lymphomata,  diffuse  pro- 
longations extend  on  all  sides  into  the  acini  and  between  the  columns 
of  liver  cells. 

In  the  larynx  and  trachea  the  lymphocytic  infiltration  lies  in  the 
mucosa  and  sujbmucosa  and,  by  predilection,  about  the  mucous  glands ; 
in  the  beginning  about  the  secreting  parts ;  later  about  the  excretory 
duct  also. 

The  leukemic  tumors  of  the  skin  lie  in  the  cutis  and  in  the  upper 
part  of  the  subcutaneous  tissue.  Moreover,  we  find  lymphatic  tissue 
not  alone  at  the  site  of  the  tumors,  but  about  them  (though  separated), 
in  the  shape  of  small  microscopic  accumulations  of  lymphocytes.  In 
fact,  even  in  the  healthy  skin  of  certain  parts  of  the  body  we  see  the 
same  as  a  sign  of  the  widespread  distribution  of  the  leukemic  deposits. 
This  disease  of  apparently  healthy  parts,  which  we  have  already  recognized 
in  other  organs,  especially  the  liver,  is  plainly  demonstrable  in  the  skin. 
The  appearances  in  this  organ  are  very  important,  for  the  reason  that 
it  is  the  only  one  in  which  an  anatomic  examination  may  be  made  with 
readiness  during  life — in  other  words,  during  the  different  stages  of 
development  of  the  disease. 

The  leukemic  infiltration  of  the  skin  begins  witli  a  circum vascular 
accumulation  of  lymphocytes.  The  deep  coils  of  the  sweat  glands 
seem  to  be  the  favorite  sites  of  origin.  From  here  the  lymphocytic 
tumor  spreads  toward  the  subcutaneous  tissue  and  the  epidermis.  The 
infiltration  usually  remains  separated  from  the  epidermis  by  a  small 
layer  of  free  cutis,  and  only  rarely  pushes  upward  around  the  gland 
duct  to  the  epidermis.  It  penetrates  the  deeper  tissues,  the  subcutane- 
ous fat  and  the  musculature  (between  the  bundles  of  which  it  termi- 
nates), first  in  columns,  later  in  diffuse  masses.  All  the  tissues  of  the 
affected  part  are  surrounded  by  the  round  cells,  though  they  are  not 
destroyed.  The  lymph  vessels  in  the  vicinity  are  sometimes  filled  with 
lymphocytes,  which  would  go  to  indicate  that  the  specific  cells  gain 
entrance  to  the  circulation  even  from  these  lymphomata.  Further,  if 
we  may  judge  from  the  conditions  seen,  it  would  appear  that  in  isolated 
cases  the  skin  symptoms  preceded  the  general  lymphatic  disease — in 
other  words,  that  the  skin  was  the  starting-point  of  the  leukemia.  This 
observation  has  led  to  the  differentiation  of  a  cutaneous  form  of  leu- 
kemia. This  form  is  not,  however,  identical  with  the  lymphad^nie 
cutanee  of  Ranvier-Cornils,  which  is  usually  a  mycosis  fungoides.  The 
question  of  the  skin  as  the  starting-point  of  the  leukemia  is  of  quite  as 
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little  importance  as  that  of  the  bone-marrow  or  lymph  glands.  Since 
we  regard  lymphatic  leukemia  as  the  result  of  a  predisposition  to  growth 
of  all  the  lymphatic  tissues,  no  matter  where  situated: — whether  in  pre- 
viously developed  lymphatic  organs  or  in  the  interstitial  connective 
tissue,  and  not  as  a  disease  of  some  particular  lymphatic  tissue  with 
subsequent  metastasis  after  the  fashion  of  a  malignant  tumor — it  is 
absolutely  indifferent  to  us  whether  this  or  that  organ  first  becomes 
perceptibly  diseased.  We  know  that  lymphatic  tumors  may  be  widely 
distributed  through  the  body  without  giving  rise  to  clinical  symp- 
toms ;  we  know  further  that  the  size  of  the  tumor  does  not  always 
correspond  to  its  age,  for  we  see  extraordinary  fluctuations ;  in  fact, 
there  may  even  be  retrogressive  changes  in  individual  organs  which 
previously  showed  a  marked  increase  in  size. 

In  a  number  of  cases  the  histologic  structure  of  these  skin  lympho- 
mata  is  exactly  like  that  of  lymphodermia  perniciosa  (Kaposi),  which 
is  identical  with  the  erythrodermie  mycosique  of  the  French.  In 
another  series  of  cases,  however,  the  histologic  structure  is  not  lymph- 
adenoid,  but  a  sort  of  granulation  tissue,  consisting  of  spindle,  round, 
plasma,  and  mast  cells.  Whether  the  tumors  occurring  in  this  affection 
are  to  be  considered  as  mycosis  fungoides,  as  has  been  suggested,  must 
be  left  for  future  investigation  to  decide. 

The  pathologic  anatomy  of  the  remaining  skin  lesions  (usually  urti- 
carial in  character)  corresponds,  at  first,  to  that  which  they  show 
under  other  circumstances.  We  have  to  do  with  circumscribed  exuda- 
tions. They  are  particularly  marked  in  the  epithelium,  which  they 
transform  into  vesicles  by  an  intercellular  exudation.  The  reaction 
of  the  cutis  is  usually  slight  and  is  expressed  by  a  moderate  circum- 
vascular  round-cell  infiltration.  Still,  we  sometimes  see,  in  addition, 
a  large  emigration  of  ordinary  and  eosinophile  pus  cells  from  the  cutane- 
ous vessels  into  the  vesicles.  Later  on,  small  granulation  tumors 
composed  of  round  and  spindle  cells,  with  here  and  there  an  isolated 
Langhans'  giant  cell,  sometimes  develop  at  the  site  of  the  scratched 
and  cicatrized  vesicles. 

The  changes  in  the  nervoUS  System  and  the  organs  of  special 
sense  appear,  microscopically,  as  a  mixture  of  lymphocytic  infiltration 
and  hemorrhage  followed  by  the  formation  of  scar  tissue  and  by  degen- 
eration processes,  especially  fatty.  As  in  all  other  organs,  the  lym- 
phatic infiltration  occurs  here  in  small,  irregularly  distributed  foci. 
Genuine  lymphomata  are  rare  and  are  limited  (Eichhorst)  to  the  mem- 
branes and  the  peripheral  nerves,  with  a  predilection  for  the  cerebral 
nerves.     Hemorrhages  and  their  results  are  observed  especially  in  the 
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eye.  The  white  center  frequently  found  in  them  represents  a  lympho- 
cytic accumulation.  The  symptoms  of  retinitis  leukeemica  are  expressed 
histologically  by  lymphatic  infiltration  and  fatty  degeneration  of  the 
nerve  fibers.  Hemorrhages  and  lymphatic  infiltration  constitute,  like- 
wise, the  basis  of  the  diseases  of  the  ear  (Schwabach).  Still,  in  a  few 
cases  belonging  to  this  category  the  significance  of  the  cicatricial  proc- 
esses especially  may  be  doubted,  inasmuch  as  they  have  been  found  as 
the  result  of  previous  disease  and  not  of  the  leukemia  (Gradeuigo, 
Kiimmel).  Degeneration  (swelling  and  breaking  up)  occurs  in  the 
fibers  in  the  spinal  cord  (Nonne),  the  medulla  oblongata  (Kast),  and  ia 
the  brain,  as  well  as  in  the  peripheral  (especially  cerebral)  nerves. 

HISTOGENESIS. 

In  the  discussion  of  the  pathologic  anatomy  we  saw  that  accumu- 
lations of  specific  cells  occurred  not  only  in  the  lymph  glands — the  prin- 
cipal source  of  lymphocytes — and  the  other  leukocyte-making  organs 
(spleen,  bone-marrow,  tonsils,  lymph  nodules),  but  also  in  many  other 
parts  of  the  body  where  only  the  merest  traces  of  lymphadenoid  tissue 
are  normally  found.  True  lymphatic  tissue  is  widely  distributed 
through  the  healthy  body,  and  is  by  no  means  limited  to  the  grosser 
nodules  (lymph  glands  and  follicles).  The  whole  body  is  encompassed  by 
a  net  of  lymphatic  tissue  winding  through  all  parts,  and,  though  usually 
present  in  but  small  amounts,  it  is  here  and  there  collected  into  larger 
masses,  from  which  the  normal  requirement  of  lymphocytes  is  supplied  by 
cell  proliferation.  Nevertheless,  the  readiness  with  which  a  quiescent  is 
converted  into  a  proliferating  focus  is  seen  in  every  inflammation  in  which 
an  immense  round-cell  infiltration  arises  from  small  traces  of  lymph- 
adenoid  tissue.  Moreover,  this  proliferation  does  not,  stop  at  an  enlarge- 
ment of  the  individual  focus,  but  frequently  throws  an  excess  into  the 
lymph  circulation.  The  formation  of  lymphocytes,  therefore,  is  to  be 
considered  as  a  normal  function  of  every  part  of  the  body  in  response 
to  so-called  inflammatory  irritation.  This  property  of  lymphoma  de- 
velopment in  any  part  of  the  body  stands  in  sharp  contrast  to  the 
likewise  ubiquitous  inflammatory  symptom  of  suppuration,  since  the 
cellular  elements  of  the  latter  (the  polynuclear  pus  cells)  do  not  arise 
in  loco,  but  only  in  one  system  of  organs — namely,  the  bone-marrow — 
whence  they  wander  into  the  blood-vessels  and,  carried  by  the  stream, 
escape  through  the  vessel  wall  at  the  site  of  irritation. 

In  leukemia  the  behavior  of  these  two  very  different  tissues  (the 
lymphocytic  and  the  specific  bone-marrow  tissue)  corresponds  exactly 
with  the  normal. 
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That  the  bone-raarrow  tissue  pro(hices  the  principal  portion  of  the 
leukocytes  found  in  the  blood  in  myeloid  leukemia  is  generally  acknowl- 
edged ;  that  the  secondary  leukemic  tumors  of  the  internal  organs  in 
the  same  disease  arise  metastatically  by  transplantation  of  the  marrow 
tissue  at  the  sites  of  secondary  tumor  formation  is,  at  least,  very  prob- 
able, since  under  normal  conditions  the  occurrence  of  proliferating  mye- 
loid tissue  outside  the  bone-marrow  thus  far  has  never  been  observed. 

In  contrast  to  this  metastatic  genesis  of  the  myeloid-leukemic  tumor 
stands  that  of  lymphatic  leukemia,  which,  exactly  like  the  inflammatory 
lymphocytic  infiltration,  is  built  up  from  lymphatic  tissue  normally 
present  at  that  particular  part  of  the  body.  In  other  words,  all  tissues 
are  interwoven  by  a  lymphadenoid  network  in  which  larger  lymphomata 
may  be  developed. 

Lymphocytes  are  undoubtedly  carried  into  the  blood,  by  way  of  the 
lymph  vessels,  from  the  hyperplastic  lymphadenoid  bone-marrow,  from 
the  likewise  hyperplastic  spleen,  from  the  lymphomata  in  the  skin,  from 
the  diffuse  lymphocytic  infiltrations  in  the  liver  and  kidneys,  and  from 
all  the  other  locations  of  lymphocytes,  as  well  as  from  the  lymph 
glands.  The  proof  that  all  these  lymphomata  discharge  lymphocytes 
into  the  blood  in  this  way  is  shown  by  the  fact  that  the  lymph  vessels 
near  them  are  found  filled  with  lymphocytes,  as  is  the  case,  under 
normal  conditions,  about  the  lymph  glands  (Pinkus). 

In  order  to  explain  the  peculiar  fact  that  in  apparently  similar  cases 
there  is  sometimes  a  normal  proportion  of  white  and  red  blood-corpuscles 
(pseudoleukemia),  and,  again,  a  considerable  abnormality  (lymphatic 
leukemia),  many  theories  have  been  suggested.  We  shall  take  up  here 
only  the  one  proposed  by  Neumann,  which  is  the  most  generally  known 
and  has  stood  best  the  test  of  time.  According  to  this  theory  the 
lymphadenoid  transformation  of  the  bone-marrow  must  be  regarded  as 
an  essential  in  the  origin  of  lymphatic  leukemia.  This  is  supported  by 
the  fact  that  disease  of  the  marrow  is  found  in  every  case  of  lymphatic 
leukemia,  and  in  some  exclusively.  With  slight  modification,  but  more 
clearly,  Pappenheim  expresses  this  theory  in  the  words  :  "  If  the  ex- 
citant affects  first,  and  exclusively,  the  spleen  or  the  lymph  glands  (the 
distensible  capsules  extending  with  the  growth),  only  pseudoleukemia 
results ;  but  if  the  bone-marrow  is  attacked  and  becomes  hyperplastic, 
then  leukemia  ensues." 

Simple  as  the  conditions  are  made  by  this  explanation,  several 
circumstances  prevent  us  from  accepting  it  (see  pp.  598,  599).  We 
have  mentioned  that  the  cases  of  lymphatic  leukemia  with  exclusive 
disease  of  the  marrow  all  come  under  the  head  of  acute  leukemia,  and 
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also  that  in  these  acute  cases  we  have  not  sufficient  evidence  to  prove 
that  the  non-enlarged  lymph  glands  do  not  participate  in  the  lympho- 
cytosis, since  they  show  all  the  signs  of  a  very  high  degree  of  pro- 
liferation. Further,  the  view  that  cases  of  generalized  lymphomatosis 
show  no  blood-changes  does  not  correspond  to  the  facts,  for  we  find  in 
them  a  completely  similar,  even  though  only  a  qualitative,  alteration 
of  the  blood.  Absolute  differentiation  between  lymphatic  leukemia  and 
pseudoleukemia,  therefore,  falls  to  the  ground.  Moreover,  as  suggested 
before,  we  have  direct  proof  that  lymphomata,  other  than  those  of  bone, 
discharge  lymphocytes  into  the  blood. 

Further  investigations  directed  especially  toward  the  participation 
of  the  different  organs  in  the  lymphocytosis  are  necessary  in  order  to 
explain  these  difficulties. 

Among  the  frequently  mentioned  possibilities — (1)  that  the  lympho- 
matous  masses  represent  deposits  from  the  blood  in  which  the  lympho- 
cytes increase  partly  by  cell  division,  partly  by  prevention  of  their 
(normal)  metamorphosis  into  red  blood-corpuscles  or  polynuclear  leu- 
kocytes ;  (2)  that  the  lymphomatous  masses,  while  not  deposited  in  toto 
from  the  blood,  develop  at  these  sites  from  metastatically  carried  cells ; 
and  (3)  that  they  arise  as  a  result  of  a  general  predisposition  to  the  new 
formation  of  lymphadenoid  tissue  from  small  accumulations  of  this 
tissue  normally  present  in  these  localities — the  last  is  the  only  one  so 
far  demonstrated. 

The  old  assumption  which  attributed  the  origin  of  the  lymphemia 
to  the  failure  of  the  transformation  of  lymphocytes  into  polynuclear 
leukocytes  must  be  rejected,  since,  as  Ehrlich  has  shown,  we  have  to 
do  here  with  two  very  different  histologic  sources — the  source  of  the 
lymphocytes  and  that  of  the  neutrophile  bone-marrow  cells — which 
have  nothinfr  in  common  with  aud  never  q:o  over  into  one  another.  On 
the  contrary,  it  may  be  regarded  as  proved  that  the  lymphocytosis  is 
dependent  on  an  increased  formation  of  lymphocytes  in  the  lymphomata 
and  the  discharge  of  these  cells  into  the  blood,  a  process  which  can  be 
seen  in  its  different  stages  under  the  microscope. 

Possibly  a  lessened  consumption  of  lymphocytes  may  prove  a  factor 
in  addition  to  the  increased  formation.  Tliis  assumption  is  supported 
by  the  fact  that  only  very  few  mitoses  are  found,  at  least  after  death, 
in  the  lymphomata  of  chronic  lymphatic  leukemia.  Still,  apart  from 
the  possibility  that  this  small  number  of  mitoses  may  be  the  result  of 
death,  dependent  perhaps,  in  part,  on  the  technic  of  the  examination 
(especially  since  other  observations  assert  numerous  mitoses),  this 
assumption  is  apparently  contradicted  by  the  direct  evidence  in  the 
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blood  of  a  very  considerable  destruction  (Gumprecht)  or,  at  least,  liabil- 
ity (Askanazy)  of  the  lymphocytes.  The  determination  of  this  point 
must  be  left  for  the  future.  It  would  be  well  if  in  future  investigation 
special  attention  was  directed  to  comparison  of  the  number  of  degen- 
erated lymphocytes  in  the  blood  with  the  mitoses  in  the  lymphatic 
organs,  and,  when  possible,  to  comparison  of  the  mitoses  found  during 
life  (in  lymphomata  removed  intra  vitam)  with  those  found  in  the 
organs  of  the  same  person  post  mortem. 

Sufficiently  conclusive  investigations  are  still  wanting  in  regard  to 
the  histogenesis  of  another  peculiarity  of  lymphatic  leukemia — namely, 
the  frequent  sudden  retrogression  of  the  lymphomata  and  the  lym- 
phemia.  Whether  the  destruction  of  the  cells  takes  place  at  their  site 
of  origin  or  only  after  their  passage  into  the  blood  is  a  question  which 
has  not  been  determined.  This  phenomenon  is  to  be  placed  in  line 
with  the  disappearance  of  other  neoplasms,  especially  certain  round- 
cell  tumors  occurring  in  the  skin,  known  under  the  name  of  sarcoid 
tumors  (so-called  multiple  skin  sarcomatosis,  mycosis  fungoides),  in 
which  a  partial  or  sometimes  complete  retrogression  has  been  observed, 
either  spontaneously  or  under  the  influence  of  arsenic. 


ETIOLOGY. 

Even  in  prebacteriologic  times  the  cause  of  leukemia  and  pseudo- 
leukemia was  frequently  suggested  to  be  some  infectious  agent  which 
first  set  up  a  local  injury  at  the  point  of  entrance,  or  which  forced 
itself  into  a  diseased  organ  (for  instance,  an  enlarged  tonsil  or  tonsillar 
abscess,  or  protracted  ulcer  of  the  gums  as  a  result  of  carious  teeth) 
and  was  afterward  distributed  throughout  the  body.  Later,  bacteria 
were  repeatedly  sought  as  the  cause,  and  now  and  then  found.  Though 
these  investigations  were  not  limited  to  the  ordinary  pyogenic  and  sim- 
ilar commonplace  infectious  bacteria  to  which  there  was  no  possibility 
of  attributing  an  etiologic  significance,  none  of  them  could  be  demon- 
strated to  be  the  etiologic  agent ;  on  the  contrary,  they  all  proved  to 
be  accidental  contaminations  or  the  causative  agents  of  complications 
(for  instance,  tuberculosis). 

In  late  years  several  communications  have  been  made  which  seem 
to  support  the  occurrence  of  animal  parasites.  Such  forms  were 
observed  in  the  fresh  blood  of  lymphatic  leukemia  by  Mannabcrg. 
They  were  later  observed  by  others,  though  their  significance  as  para- 
sites was  left  undecided  by  some,  and  contradicted  by  Strauss  and 
Pollmann.     A  new   phase  of   this  question  was   brought  up  by  the 
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studies  of  Lowit,  who  demonstrated  peculiar  organized  ameba-like  forms 
in  the  white  blood-corpuscles  of  both  kinds  of  leukemia.  The  greater 
part  of  Lowit's  investigations  were  limited  to  the  etiology  of  myeloid 
leukemia.  Yet  even  in  the  blood  and  certain  l)lood-making  organs 
(spleen  and  bone-marrow)  of  lymphatic  leukemia  he  found  forms  which 
he  described  (true,  with  a  certain  amount  of  reserve)  as  ameba-like 
bodies  under  the  name  haemamoeba  leukaemiae  parva  (vivax). 

[Tiirk/  in  discussing  L5wit's  theory  of  the  amebic  etiology  of  leu- 
kemia, concludes  that  the  supposed  parasite  of  myelogenous  leukemia  of 
Lowit  is  not  a  parasite  and  not  even  a  preformed  structure  in  the  blood, 
but  an  artifact  formed  out  of  the  mast-cell  granulations.  The  supposed 
transmission  of  the  disease  to  animals,  reported  by  Lowit,  is  questioned 
as  doubtful. — Ed.] 

Further  investigation  must  be  undertaken  to  establish  the  value  of 
Lowit's  assertions.  So  far  the  subsequent  investigators  have  unexcep- 
tionally  taken  the  opposition  (see  p.  648).  \Ye  will  detail  in  short  the 
findinor  as  Lowit  describes  it  in  his  book. 

The  organisms  demonstrated  by  special  staining  methods  ^  are  seen 
as  small  forms  which  frequently  possess  spur-  or  hook-like  processes, 
and  sometimes  show  a  nucleus-like  body  interiorly.  Lowit  endeavored 
to  show  a  course  of  development  for  those  bodies  in  which  he  diifer- 
entiated  : 

1.  Young  forms,  w'hich  occur  alone  or,  more  frequently,  several 
together  in  a  lymphocyte. 

2.  Growing  forms,  larger  than  No.  1,  and  showing  karyokinetic 
figures. 

^'XVIII.  Congress/.  Innere  Med.,  1900,  p.  251. 

'  They  stain  dark,  metachromatic  violet  to  reddish  brown  by  the  following  method : 
Fix  on  Ehrlich's  copper  plate ;  heat  the  preparation  gently  in  a  watch  glass  full 
of  old  LofBer's  methylene  blue;  allow  to  stand  till  cool  (five  to  ten  minutes) ;  wash  in 
water ;  difTerentiate  in  0.3  per  cent,  hydrochloric  acid  in  alcohol ;  wash  in  water ;  dry ; 
mount  in  balsam.  Fixation  by  alcohol  and  ether  is  to  be  avoided,  since  the  organisms 
stain  poorly  after  contact  with  alcohol.  Similar  results  are  achieved,  without  warming, 
with  thionin,  which  may  be  combined  with  a  triacid  stain,  the  differentiation  with  hydro- 
chloric acid  alcohol  being  omitted.  In  the  examination  of  histologic  sections  the  hai-d- 
cning  must  be  done  by  alcohol  and  bichlorid  of  mercury ;  solutions  containing  chromic 
acid  or  formalin  are  not  adapted.  The  stain  recommended  for  sections  is  a  mixture  of 
Loffler's  methylene  blue,  30  parts,  and  concentrated  watery  solution  of  thionin,  15  pails. 
Stain  for  fifteen  to  twenty  minutes  with  gentle  heat,  differentiate  in  0.3  per  cent,  hydro- 
chloric acid  in  alcohol,  treat  with  alcohol,  96  per  cent.,  then  with  xylol,  which  clears 
after  drying  the  preparation  several  times  in  the  air,  and  mount  in  Canada  balsam.  Still 
better  results  are  obtained  by  staining  for  twenty  to  twenty-four  houi-s  in  safl'ranin  (water}' 
alcoholic  solution),  which  stains  the  ameboid  bodies  rust  brown  to  brownish  red,  and  the 
rest  pale  or  red,  the  basophilic  granules  a  faint-yellowish  red,  the  products  of  nuclear 
degeneration  more  or  less  dark  red. 
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3.  Sporulation  forms,  which  recall  the  sporulation  forms  of  the 
malarial  parasite. 

4.  Degeneration  forms,  irregular  granules  and  clumps,  which,  never- 
theless, stain  like  the  other  forms. 

These  bodies  are  found  but  rarely  in  the  circulating  blood,  but  are 
more  frequent  in  the  internal  organs,  where  they  occur  in  isolated  places 
in  numbers.  It  is  noteworthy  that  they  are  less  frequent  in  the  lymph 
glands  than  in  the  spleen  and  bone-marrow.  Injection  into  animals, 
which,  according  to  Lowit's  assertions,  succeeded  with  the  corresponding 
forms  in  myelogenic  leukemia,  was  not  successful  in  lymphatic  leukemia. 

The  determination  of  all  these  points  must  be  left  to  the  future,  for 
it  is  still  a  question  whether  these  bodies  represent  unicellular  organisms 
or  only  peculiar  products  of  cellular  degeneration.  Lowit^  himself 
considers  it  impossible  that  these  bodies  are  the  products  of  lympho- 
cytic degeneration  produced  by  hyper-  or  hypochromatosis  with  kary- 
orrhexis  or  karyolysis,  since  such  products  do  not  stain  metachro- 
matically  by  the  method  described,  and  the  hemamebee  are  scarcely 
more  than  suggested  by  the  ordinary  stains  by  which  degenerations  are 
brought  out. 

Granting  all  this,  the  question  still  remains  whether  these  forms, 
even  though  they  occur  only  in  leukemic  blood,  are  to  be  considered  the 
cause  of  the  disease.  In  this  regard  the  finding  of  myelogenic  leu- 
kemic amebae  in  one  case  of  lymphatic  leukemia  which  was  character- 
ized by  containing  a  large  percentage  of  Ehrlich's  myelocytes  is  strik- 
ing, for,  according  to  our  conception  of  the  different  forms  of  leukemia, 
this  finding  alone  would  be  sufficient  to  show  a  myelogenic-lymphatic 
mixed  form.  It  is  further  remarkable  that  the  ameboid  forms,  even  in 
myelogenic  leukemia,  are  found  especially  in  the  lymphocytes,  the  cells 
least  characteristic  of  leukemia. 

If  we  look  at  the  etiology  from  the  standpoint  of  infection,  the 
accurate  determination  of  this  point  of  view  being  left  to  the  future, 
we  have  at  once  certain  things  cleared  up  in  the  origin  of  the  disease. 
In  this  regard  those  cases  are  especially  significant  in  which  lymphatic 
leukemia  followed  an  irritation  of  the  lymphatic  tissue.  True,  the 
information  derived  from  the  most  frequent  group  of  these  cases 
(lymphodermia  perniciosa)  is  not  great.  Our  knowledge  of  the  histo- 
logic changes  (especially  in  the  internal  organs)  at  the  beginning  is  too 
limited,  since  the  positive  diagnosis  can  be  made  only  in  later  stages. 
The  frequency  of  the  combination  of  these  widespread  crythrodermias 
with  subsequent  lymphatic  leukemia  indicates  the  necessity  of  the  most 

1  Verhandl.  der  Cong.  J.  innere  Med.,  1899  and  1900. 
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careful  clinical  and  hematologic  examination  of  suspected  cases.  Several 
cases  of  leukemia  in  connection  with  sarcoma  seem  to  oifer  more  infor- 
mation. Still,  it  is  doubtful  if  the  process  in  these  cases  is  as  simple 
as  has  been  commonly  considered  to  have  been  in  Liicke's  well-known 
case,  in  which  the  leukemia  was  attributed  to  the  passage  of  the  blood 
through  a  lymphosarcoma  developing  in  a  blood-vessel.  Neumann's 
previously  mentioned  explanation  is  more  intelligible.  This  attributes 
lymphatic  leukemia  to  specific  irritation  of  a  hyperplastic  bone-marrow 
like  that  which  seems  to  occur  in  cases  of  acute  lymphatic  leukemia 
following  a  severe  anemia  (Strauss). 

DIAGNOSIS. 

The  diagnosis  of  lymphatic  leukemia  can  be  clinically  assured  only 
through  the  finding  of  the  specific  {lymphatic)  blood-picture.  Large 
lymphomata,  a  splenic  tumor,  an  inclination  to  hemorrhage,  associated 
with  the  affections  of  the  skin  which  we  have  described  (urticaria,  ery- 
thema, tumors),  suggest  the  diagnosis  and  call  for  a  blood-examination. 
In  a  certain  number  of  cases  of  pseudoleukemia  the  only  objective 
differential  sign  is  the  degree  of  the  blood-alteration,  since  all  the  other 
symptoms  are  common  to  both  diseases,  and  even  the  blood  may  undergo 
qualitatively  similar  changes. 

The  blood-picture,  therefore,  remains  the  most  important  and  signifi- 
cant differential  symptom,  since  all  the  others  can  only  make  the  diag- 
nosis probable  but  not  positive. 

The  differentiation  of  pseudoleukemia  from  diseases  similar  to  it 
will  be  discussed  in  the  next  section  (p.  625). 

When  a  marked  increase  in  leukocytes  has  determined  the  existence 
of  a  leukemia,  the  differentiation  of  lymphatic  from  myeloid  frequently 
can  be  made,  at  least  with  a  certain  degree  of  probability,  from  the 
gross  clinical  symptoms.  Thus,  for  example,  the  unique  enlargement 
of  the  spleen  in  myeloid  leukemia,  in  which  the  organ  takes  up  one- 
half  to  three-quarters  of  the  abdominal  cavity,  presents  frequently  a 
characteristic  picture  which  is  in  sharp  contrast  to  the  marked  diversity 
and  distribution  of  the  pathologic  changes  in  lymphatic  leukemia,  with 
its  usual  enlargement  of  all  the  lymph  glands,  its  absence  of  bone- 
marrow  symptoms,  its  atyjiieally  localized  tumors  in  the  external  and 
internal  organs,  and  eventually  its  more  rapid  course.  Yet  this  proba- 
bility becomes  positive  only  through  the  microscopic  finding,  which  was 
described  so  well  by  Virchow  in  fre.-h  blood,  and  is  so  readily  demon- 
strable by  Ehrlich's  methods.     In  this  case  the  characteristic  variegated 
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blood-picture  of    myeloid  leukemia  stands   in  contrast  to   the  simple 
increase  in  lymphocytes  of  lymphatic  leukemia. 


PROGNOSIS. 

Chronic  lymphatic  leukemia  must  be  considered  a  fatal  disease.  Its 
duration  fluctuates  within  very  considerable  limits.  It  may  prove  fatal 
in  several  months  or  may  last  as  many  years ;  but  it  seldom  lasts 
more  than  a  year  after  the  evident  appearance  of  the  cachectic  stage. 
During  its  course  marked  and  long-continued  remissions  occur,  some- 
times spontaneously,  or,  again,  as  the  result  of  intercurrent  disease  or 
therapy.  The  few  reports  of  complete  cures  are  rendered  doubtful  by 
the  uncertainty  of  the  diagnosis,  which  up  to  very  recent  times  was  not 
established  with  sufficient  accuracy.  Moreover,  the  observations  in  these 
cases  were  not  carried  on  for  a  sufficiently  long  time,  and  this  gives 
ground  for  the  objection  that  the  supposed  cures  were  only  transitory 
remissions.  This  last  conclusion  is  supported  by  the  frequent  report 
that  cases  of  pseudoleukemia  which  were  considerably  improved  by 
arsenic  eventually  succumbed  after  a  period  free  from  symptoms,  care- 
ful observations  usually  not  having  been  made,  though  sometimes  they 
exhibited  an  outspoken  relapse  in  the  form  of  a  frank  lymphatic 
leukemia. 

Since,  therefore,  the  principal  characteristic  of  lymphatic  leukemia 
is  the  lymphemic  blood-picture,  the  prognosis  in  a  case  of  lymphatic 
tumors  becomes  at  once  unfavorable  as  soon  as  an  increase  of  lympho- 
cytes becomes  evident  in  the  blood. 

"VYe  have  already  discussed  the  manner  of  death  when  speaking  of 
the  course  of  the  disease. 

TREATMENT. 

The  medical  treatment  of  chronic  lymphatic  leukemia  is  almost 
limited  to  mitigating  the  objectiv'e  symptoms  and  improving  the  sub- 
jective feelings,  since  an  actual  influence  on  the  duration  of  the  disease 
is  rare  and  an  averting  of  the  fatal  termination  has  never  been  accom- 
plished. 

The  simple  surgical  procedure  of  removing  all  the  diseased  parts  is 
impossible.  Partial  extirpation  is  sometimes  indicated  on  mechanic 
grounds.  This  indication  is  seen  especiallv  in  the  cases  with  large 
tumors  and  but  slight  blood-change  (in  other  words,  in  pseudoleukemia 
as  we  understand  it).  Sometimes  it  is  the  dyspnea,  produced  by  a 
lymphoma  of  the  neck,  which  calls  for  the  operation,  again  synijitoms 
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caused  by  an  enlarged  spleen.  A  lasting  effect  has  never  been  obtained 
by  extirpation  of  the  glands,  though  the  operation  is  often  astonishingly 
easily  done  and  very  well  borne.  Extirpation  of  the  spleen  offers  a 
much  better  prognosis  in  pseudoleukemia  than  in  genuine  leukemia, 
although  in  either  case  death  almost  regularly  follows  within  a  few 
months  Operative  interference  in  cases  showing  marked  alteration 
of  the  blood  is  practically  always  contra-indicated  on  account  of  the 
immediate  danger  of  fatal  hemorrhage,  and  because  the  temporary  effect 
produced  is  often  followed  by  a  rapidly  progressing  development  of  the 
process. 

Still,  it  is  advisable  not  to  put  off  too  long  the  extirpation  of  iso- 
lated, long-persistent  glandular  tumors  of  unknown  origin  which  neither 
advance  nor  retrogress,  provided  there  is  the  slightest  reason  to  suppose 
that  they  may  represent  leukemic  tumors. 

Among  the  external  remedies,  different  preparations  of  iodin  have 
been  employed.  Good  results  have  been  occasionally  seen  after  the  ap- 
plication of  iodoform  (Moleschott,  in  whose  case  there  is  some  doubt  as 
to  the  correctness  of  the  diagnosis  ;  Fleischer  and  Pentzoldt),  possibly  as 
a  result  of  the  persistent  diarrhea  produced.  The  spleen  has  been  made 
smaller  by  the  a})plication  of  an  ice-bag  to  this  region,  though  no  further 
influence  on  the  disease  was  manifest. 

After  it  was  observed  that  a  considerable  decrease  in  the  lymphoraata 
and  the  lymphemia  sometimes  follows  acute  infectious  diseases  (for  in- 
stance, cholera,  and  especially  erysipelas),  inoculation  experiments  were 
tried  as  a  therapeutic  measure.  The  results  of  the  erysipelas  injections 
are  not  encouraging,  especially  when  the  dangers  are  taken  into  consid- 
eration. It  is  worth  noting  that  failures  have  been  reported,  both  after 
the  inoculation  of  streptococcic  cultures  and  erysipelas  masses  them- 
selves (Mager).  Moreover,  even  intercurrent  infectious  diseases  have 
shown  no  influence  (Hirschlaff). 

Next  to  these  inoculation  experiments  stand  the  injections  of  organic 
metabolic  products,  which  have  been  several  times  employed  with  a 
certain  amount  of  success.  Their  influence  on  the  lymphemia,  and  si- 
multaneously on  the  whole  disease,  has  been  considered  analogous  to  their 
well-known  influence  on  leukocytosis  (milk  extract,  Jacob ;  spermin, 
Richter;  tuberculin,  nuclein,  Pal).  The  diminution  obtained  in  the 
leukocytes  was  always  only  transitory.  Nevertheless,  since  a  certain 
diminution  in  the  number  of  white  blood-corpuscles  always  takes  place, 
these  attempts  can  not  be  considered  as  absolutely  useless. 

Among  the  internal  remedies,  the  preparations  of  iodin  (especially 
iodid  of  potassium)  must  be  mentioned,  on  account  of  the  wonderful 
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cures  of  generalized  lymphomata  ascribed  to  it  in  earlier  communica- 
tions. JNIosler  saw  apparently  complete  cure  following  quinin  in  1  case, 
though  the  diagnosis  is  not  beyond  cavil.  These  two  remedies  are, 
however,  generally  used  only  as  diagnostic  aids  in  the  differentiation 
of  syphilis  and  malaria. 

The  only  drug  which  has  achieved  decided  success  in  a  number  of 
cases,  especially  those  with  large  lymphomata  and  a  slight  lymphemia, 
is  arsenic.  The  results  of  arsenic  treatment  are  in  the  beginning  usually 
good.  But,  unfortunately,  a  relapse  almost  always  comes  on  which  the 
arsenic  can  not  influence,  and  so  the  fatal  termination  is  only  postponed, 
not  prevented  (Bramwell). 

The  arsenic  is  administered  in  various  ways,  which  will  be  more 
thoroughly  discussed  in  the  article  on  pseudoleukemia. 

In  pills  it  is  employed  in  the  form  of  the  old  Pilulse  Asiaticae  with 
Piper  nigrum,  or,  better,  with  sodium  carbonate  : 

K     Acid,  arsenics 0.3 ; 

Sodii  carbonat .    1.0; 

Pulv.  radic.  liquir, 

Slice,  liquir aa      5.0 ; 

Glycerin gtt.  ij. 

M. — Ft.  mass  pilul.  e  qua  form,  pilul.  No.  C. 
Sig. — Begin  with  2  pills  daily  and  increase  to  6  or  more. 

Fowler's  solution  may  be  given  three  times  daily,  increasing,  1  drop 
a  day,  from  3  to  15  drops;  or  sol.  acid,  arsenios.  0.25:  50.0  three 
times  daily,  increasing  from  3  to  30  drops.  The  increase  should  always 
be  slow.  If  no  symptoms  of  poisoning  appear,  the  high  dose  may  be 
continued  without  any  decrease.  Sudden  cessation,  unless  forced  by 
acute  symptoms  of  poisoning,  is  to  be  strictly  avoided.  Such  cessation 
often  causes  irreparable  damage,  through  the  development  of  a  severe 
cachexia.  Therefore,  in  case  the  arsenic  is  to  be  dropped  from  the 
therapy,  let  the  decrease  be  gradual  even  when  no  great  care  was  exer- 
cised in  the  increase. 

More  exact  doses,  with  greater  effect,  can  be  obtained  from  the 
employment  of  subcutaneous  and  intravenous  injections,  and  they 
are  frequently  better  borne.  The  latter  arc  es})ecially  recommended 
for  largo  doses.  They  should  1)0  introduced  in  a  sujicrficial  vein  of 
the  elbow,  with  a  sterile  syringe,  after  most  careful  cleansing  of  the 
skin  with  soap,  ether  and  alcohol.  It  is  well  to  employ  a  large  syringe, 
and,  by  sucking  up  some  blood  before  injecting,  convince  ourselves  that 
the  needle  is  in  the  lumen  of  the  vessel.  For  subcutaneous  injection  a 
modified  Kobner's  solution  is  to  be  recommended,  in  which  the  addi- 
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tion  of  cocain  prevents  the  burning  sensation  usually  experienced  for 
about  fifteen  minutes  after  : 

R     Sodii  arsenitis 0.1  ; 

Cocain  hydrochlorat 0.3; 

Aqua  destillat ad  10.0. 

M.  D. — SteriUsa. 

Of  this  0.5  to  2  c.c.  are  injected  daily,  and,  when  well  borne,  still 
larger  doses.  For  intravenous  injection  the  addition  of  cocain  is 
unnecessary,  and  so  the  pure  Kobner's  solution  is  employed.  The 
most  careful-sterilization  of  the  injection  fluid  is  naturally  an  absolute 
essential. 

The  intraparenchymatous  injection  of  arsenic  solution,  as  recom- 
mended by  Billroth  and  Winiwarter,  is  sometimes  even  more  effective. 

Any  of  these  measures  must  be  continued  many  months. 

Almost  no  results  have  been  achieved  by  the  internal  and  subcu- 
taneous administration  of  orgauotherapeutic  remedies  (thyroid,  lymph- 
gland,  and  marrow  preparations).  Whait  announced  some  success  after 
bone-marrow  tablets,  but  no  lasting  cure.  The  diagnosis  of  other  cases 
described  as  successful  (Macalister)  is  not  sufficiently  certain. 

All  in  all,  therefore,  we  are  simply  thrown  back  on  the  symptomatic 

PSEUDOLEUKEMIA. 

SYMPTOMS  AND  COURSE, 
treatment,  which  has  been  found  to  mitigate  the  sufferings  of  the  patient 
and  keep  up  strength  as  long  as  possible.  Among  the  measures  which 
have  achieved  at  least  temporary  success  in  the  alleviation  of  symp- 
toms may  be  mentioned  inhalations  of  oxygen  and  of  carbonic  acid 
(Ewart).  Among  the  remedies  employed  to  excite  the  appetite,  Litten 
and  Vehsemeyer  especially  recommended  berberinum  (the  hydro- 
chlorate  of  which  is  soluble  with  difficulty,  the  sulphate  and  phosphate 
readily  soluble).  This  has  been  now  and  then  recommended  as  a 
remedy  for  malaria  and  also  as  a  styptic.  Its  dose  is  from  0.1  to  0.3 
gm.  several  times  daily,  in  pills,  in  solution  or  subcutaneously. 

Under  the  name  pseudoleukemia  (Cohnheim)  is  included  a  large 
number  of  cases  showing  the  common  symptom  of  enlargement  of  the 
lymphatic  apparatus,  especially  the  lymph  glands  and  the  spleen,  just 
as  in  lymphatic  leukemia.  They  are,  nevertheless,  differentiated  from 
the  latter  by  the  blood-picture,  which  manifests  a  diminution  in  the  red 
blood-corpuscles,  but  no  particular  increase  of  the  whites. 

From  the  early  literature  the  cases  of  Hodgkin  and  Wunderlich  are 
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especially  identified  with  this  disease,  and  it  is,  therefore,  frequently 
designated  in  honor  of  the  first  describer  as  Hodgkin's  disease.  The 
names  lymphosarcoma  (Virchow,  Langhans)  and  malignant  lymphoma 
are  likewise  frequently  employed  as  synonyms. 

We  have  seen  previously  that  the  blood-picture  in  these  cases,  so 
frequently  designated  as  normal  or  as  merely  anemic,  still  shows  cer- 
tain peculiarities  which  closely  ally  it  to  lymphatic  leukemia.  In 
other  words,  on  a  careful  mvestigation  of  the  blood-histology,  even 
when  the  proportion  of  W.  :  R.  is  normal,  or  the  whites  are  only  moder- 
ately increased,  we  always  find  a  relative  increase  in  lymphocytes.  In 
contrast  to  true  leukemia  the  original  anatomic  conception  of  pseudo- 
leukemia has  gradually  broadened  with  its  clinical  diagnosis.  Leu- 
kemia, too,  was  first  recognized  in  the  cadaver  (Virchow),  and  only 
later,  after  Virchow's  masterly  description  had  risen  to  the  dignity  of  a 
classic,  was  the  diagnosis  made  during  life.  Yet  in  true  leukemia  this 
was  easy  and  natural,  while  in  pseudoleukemia  the  adaptation  of  patho- 
logic knowledge  to  clinical  cases  often  left  wide  gaps,  and  consequently 
the  clinical  conception  of  pseudoleukemia  eventually  came  to  be  only  a 
collective  name  for  all  possible  generalized  lymphomatoses  which  mani- 
fested no  leukemic  blood-picture. 

From  this  heterogeneous  mass  we  have  gradually  succeeded  in  cre- 
ating a  somewhat  clearer  picture  by  the  separation  of  certain  clinical 
forms  which  have  become  more  evident  in  the  course  of  time. 

In  a  large  number  of  pseudoleukemia-like  cases,  the  blood  of  which 
did  not  show  the  relative  lymphocytosis  described  as  characteristic,  but 
an  actual  normal  or  only  anemic  condition,  there  is  good  reason  for 
believing  that  we  have  to  do  with  an  entirely  different  disease — namely, 
either  a  special  form  of  glandular  tuberculosis  or  the  affection  described 
by  Kundrat,  from  Virchow's  series  of  lymphosarcomata,  under  the 
name  lymphosarcomatosis. 

In  order  to  distinguish  between  these  and  even  other  similar  dis- 
eases, it  is  no  longer  justifiable  to  accept  the  criterion  which  prevailed  a 
short  time  ago — namely,  a  leukemia-like  appearance  without  the  leu- 
kemic blood-picture.  In  the  discussion  of  the  diagnosis  we  will  show 
what  requirements  are  necessary  in  order  to  pronounce  a  case  pseudo- 
leukemia. 

The  symptoms  of  pseudoleukemia  are  often  so  exactly  like  those 
which  we  have  described  for  chronic  lymphatic  leukemia  tliat  a  detailed 
description  of  them  would  be  for  the  greater  part  a  repetition.  We 
intend  to  give,  therefore,  only  a  summary  of  the  points  wherein  they 
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differ.  Nevertheless,  we  must  first  insist  that  the  vahie  of  certain 
differences  is  difficult  to  estimate,  because  the  conception  of  pseudoleu- 
kemia is  not  everywhere  comprehended  within  our  sharp  limits,  so 
much  so  in  fact  that  in  the  old  cases  we  often  have  no  criterion  for 
determining  with  certainty  the  pseudoleukemic  nature  of  a  disease. 

The  disease  begins  insidiously  with  a  swelling  of  the  lymphatic 
structures,  in  which  no  previous  alteration  was  noticeable  or  in  which 
a  longer  or  shorter  time  before  a  hyperplastic  condition  existed  as  a 
result  of  another  affection  (see  Etiology).  The  marked  predisposition 
of  the  male  sex  which  we  remarked  in  all  the  other  lymphemic  diseases, 
especially  acute  leukemia  and  chloroma,  but  even  in  chronic  lymphatic 
leukemia,  though  not  so  evidently,  is  found  also  in  pseudoleukemia 
(Brousse  and  Gerardin,  Gowers).  According  to  Rudler,  the  male  sex  is 
three  times  more  frequently  affected  than  the  female.  The  age  of  pre- 
dilection lies  between  twenty  and  forty,  though  the  disease  is  not  ex- 
tremely rare  later.  Even  among  children  a  considerable  number  of 
cases  are  known  (Fischer,  7  among  12  patients).  The  largest  lympho- 
mata  are  most  commonly  found  in  the  cervical  region. 

We  distinguish  two  varieties  of  tumors,  soft  and  hard. 

The  soft  form  simulates  in  every  particular  the  lymphomata  of 
chronic  lymphatic  leukemia.  The  tumors  vary  from  soft  to  elastic, 
they  are  sharply  defined  from  one  another,  elliptic  in  shape,  and  have 
a  smooth  surface.  These  glands  may  in  the  course  of  time  change  to 
hard,  and  both  forms  frequently  exist  side  by  side  in  the  same  patient. 
Moreover,  a  decision  as  to  consistence  is  at  times  difficult. 

Again,  the  lymphomata  are  often  hard  from  the  beginning.  An 
exact  percentage  can  not  at  present  be  stated,  even  with  the  large  num- 
ber of  statistics  at  our  command,  because  in  this  group  of  hard  lympho- 
mata are  gathered  all  the  diagnostically  uncertain  forms,  and  even  some 
that  evidently  belong  elsewhere  (tuberculosis,  lymphosarcomatosis),  so 
that  the  pseudoleukemic  picture  is  obscured. 

The  spleen  is  usually,  though,  as  in  lymphatic  leukemia,  not  con- 
stantly, enlarged.  Nevertheless,  it  is  in  the  hard  form  of  pseudoleu- 
kemia that  the  largest  spleens  on  record  have  been  observed.  In  the 
rare  cases  in  which  the  external  glands  are  not  enlarged,  the  splenic 
tumor  may  constitute  the  most  conspicuous  symptom.  Yet  here,  as  in 
the  glandular  tumors,  the  differentiation  of  the  different  varieties  may 
be  impossible.  Moreover,  we  have  not  a  sufficiently  large  number 
of  carefully  investigated  cases  to  decide  whether  isolated  enlargement 
of  the  spleen  can  justify  the  diagnosis  of  pseudoleukemia,  or  whether, 
as  Tiirck  suggests,  we  have  to  do  with  a  lymphosarcomatosis  in  Kun- 
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Pseudoleukemia,  Showing  Masses  in  Neck  with  Edema  of  Face  (Longcope). 
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drat's  sense.  Rare  cases  of  isolated  splenic  tumor  with  a  relative 
lymphocytosis  (usually  following  malaria)  which  ran  an  unfavorable 
course  support  the  view  that  we  may  have  a  pseudoleukemia  with  a 
predominant  or  even  exclusive  localization  of  the  lymphatic  overgrowth 
in  the  spleen. 

The  lymphatic  hyperplasia  of  the  bone-marrow  seems  to  be  less 
constant  than  in  true  lymphatic  leukemia,  and  in  any  case  it  produces 
even  fewer  clinical  symptoms.  Several  cases  described  under  the  names 
myelogenous  pseudoleukemia  (v.  Baumgarten),  lymphadenia  ossium 
(Nothnagel),  in  which  the  principal  alterations  were  found  in  the  bone- 
marrow,  will  be  discussed  with  the  so-called  multiple  myelomata  in  the 
section  on  Diagnosis.  Since  the  blood-picture  peculiar  to  them  is  only 
one  of  anemia  and  shows  no  increase  in  lymphocytes,  these  cases  may 
be  separated  from  the  actual  pseudoleukemias. 

The  blood-picture  may  be  considered  the  chief  characteristic  of 
pseudoleukemia,  as  of  leukemia.  As  detailed  in  the  introduction,  a 
considerable  alteration  in  the  number  of  leukocytes  has  been  found  in 
numerous  cases  of  pseudoleukemia.  Indeed,  this  observation  was  made 
by  Cohnheim  in  the  first  case  described  as  pseudoleukemia.  The  asser- 
tion that  the  corjiuscular  constituents  of  the  blood  undergo  no  alteration 
in  pseudoleukemia,  apart  from  a  moderate  or  severe  oligocythemia  and 
other  signs  of  anemia,  is  not  justified.  In  the  cases  attended  with 
augmentation  of  the  leukocytes,  the  increase  in  the  blood-cells  affects 
exclusively  the  lymphocytes.  The  increase  in  the  entire  number  of  white 
cells  is  often  so  slight  that  their  proportion  to  the  red  blood-corpuscles 
is  little,  if  at  all,  disturbed,  a  fact  which  is  made  more  striking  by  the 
decided  dimiinition  in  number  of  the  other  leukocytes,  especially  the 
polynuclear  neutrophiles.  Consequently,  since  the  number  of  white  blood- 
corpuscles  is  subject  to  marked  physiologic  fluctuations,  no  significance 
can  be  attributed  to  the  absolute  increase.  The  deviation  from  the  nor- 
mal is,  as  a  matter  of  fact,  recognizable  only  by  study  of  tlie  proportions 
of  the  different  varieties  of  leukocytes.  If  we  find  4000  lymphocytes 
to  the  cubic  millimeter,  this  does  not  exceed  the  physiologic  limits  (33 
per  cent.)  of  a  total  number  of  leukocytes  amounting  to  10,000,  which 
can  not  be  considered  abnormal  ;  yet  if  the  total  number  amounts  to  only 
6000,  which  also  lies  within  the  physiologic  limits,  the  jiercentage  of 
lymphocytes  is  increased  to  60  jier  cent.,  or  about  double  the  normal. 

[This  statement  can  not  bo'acce])ted  without  question.  In  Cabot's 
series '  of  32  cases  in  which  differential  counts  are  recorded  1 1  showed 
distinct  lymphocytosis,  while  the  remaining  21  gave  normal  counts  or 

'  Clin.  Exam,  of  the  Blood,  5th  ed.,  p.  177. 
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decided  polymorphonuclear  leukocytosis,  with  reduction  in  the  number 
of  lymphocytes.  In  Da  Costa's  series  ^  of  10  cases  lymphocytosis  (com- 
bining the  counts  of  large  and  small  lymphocytes)  was  present  in  but 
3,  and  the  author  states  that  the  condition  is  rare.  In  Longcope's 
series  -  of  8  cases  only  1  showed  lymphocytosis.  Numerous  other  sta- 
tistics might  be  quoted  to  the  same  effect,  and  the  editor's  experience 
coincides  with  that  of  the  authors  quoted. — Ed.] 

This  relative  increase  in  lymphocytes  has  frequently  been  unnoticed 
up  to  the  most  recent  times,  and  so  in  a  large  number  of  cases  the  most 
important  clinical  criterion  of  this  disease  is  wanting.  In  the  small 
number  (in  comparison  with  the  immense  number  of  so-called  pseudo- 
leukemia cases)  of  completely  unobjectionable  observations — that  is, 
observations  which  were  clinically  and  anatomically  studied  with  thor- 
oughness, this  relative  lymphocytosis  has  always  been  found.  More- 
over, a  number  of  cases  pronounced  clinically  and  sometimes  even  at 
the  autopsy  to  be  pseudoleukemia,  in  which  no  blood-change  was  ob- 
served, have  been  later  proved  to  be  some  other  disease,  and  not  infre- 
quently a  peculiar  form  of  tuberculosis. 

As  to  the  time  when  this  lymphocytosis  originates  w^e  have  no  defi- 
nite information.  The  fact  tliat  pseudoleukemia  arises  from  lyraphomata 
which  began  from  a  different  etiology  supports  the  assumption  that  the 
blood-alteration  occurs  only  after  the  lymphomata  have  existed  some 
time — in  other  words,  some  of  the  multiple  lymphomata  without  blood- 
alteration  possibly  represent  the  advance  stage  of  pseudoleukemia.  Still, 
such  a  diagnosis  is  possible  only  post  hoc,  and  the  development  of 
pseudoleukemia  with  a  typic  lymphocytosis  from  such  lymphomata 
wnth  a  normal  blood-picture  by  no  means  justifies  the  diagnosis  of 
pseudoleukemia  in  concrete  cases  during  the  stage  of  generalized 
lymphoma  without  other  symptoms.  As  a  matter  of  fact,  this  stage  is 
to  be  considered  rather  the  cause  than  a  forerunner,  as  we  shall  see  when 
speaking  of  the  affections  of  other  organs  (tonsils,  skin). 

The  slightly  lymphatic  blood-picture  frequently  remains  unaltered 
for  a  long  time;  in  fact,  death  usually  overtakes  the  patient  before  the 
general  leukocytic  count  is  markedly  increased.  Yet  a  rapid  increase  in 
white  blood-corpuscles  sometimes  takes  place  a  short  time  before  death, 
simultaneously  with  a  rapid  advance  of  the  other  symptoms,  just  as  we 
have  seen  in  several  cases  of  acute  leukemia,  sub  finem  vitce.  These 
cases  constitute  the  basis  of  the  frequently  expressed  view  that  pseudo- 
leukemia is  an  aleukemic  advance  stage  of  lymphatic  leukemia.  A 
gradual  transition  into  a  lym])hatic  leukemia  of  long  duration  has  so  far 
^  Clin.  Hemat.,  p.  268.        *  Bull,  of  the  Ayer  Clin.  Lab.  of  the  Fenna.  Hosp.,  No.  1, 1903. 
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been  reported  but  rarely  (Askauazy — two  and  a  half  years  before  pseudo- 
leukemia, for  the  last  one  and  a  half  years  lymphatic  leukemia  of  high 
grade  at  every  examination  of  the  blood ;  cases  of  lymphodermia  per- 
niciosa). 

The  localization  of  the  pseudoleukemic  process  in  the  internal 
organs,  together  with  the  symptoms  resulting  therefrom,  agree  exactly 
with  the  conditions  in  genuine  lymphatic  leukemia.  Still,  certain  proc- 
esses, as,  for  instance,  the  urticarial  affections,  may  be  more  common 
than  in  lymphatic  leukemia.  The  lymphatic  tumors  of  the  skin  are 
exactly  similar  (even  Pfeiifer's  case,  in  which  attention  was  called  to 
the  rare  localization  of  the  lymphomata  in  the  mammary  region,  is 
identical  with  a  leukemic  case  described  by  Malherbe  and  Monnier). 
Moreover,  the  primary  stages  of  lymphodermia  perniciosa  (Kaposi),  the 
4rythrodermie  mycosique  of  French  writers,  which  ordinarily  runs  the 
course  of  a  marked  lymphatic  leukemia,  are  not  rarely  associated  with 
only  a  relative  lymphocytosis  such  as  is  characteristic  of  pseudoleukemia. 
These  universal  erythrodermias,  in  which  not  the  slightest  blood-alter- 
ation is  noticeable  in  tlie  primary  stages,  constitute  to  a  certain  extent 
alymphemic  advance  stages  of  pseudoleukemia,  and  to  this  extent  rep- 
resent analogues  of  the  multiple  lymphomata  w'ithout  blood  alteration. 
A  pseudoleukemia  may  develop  from  either.  Yet,  just  as  every  gen- 
eralized lymphomatosis  is  not  necessarily  identical  with  pseudoleukemia, 
or  about  to  become  pseudoleukemia,  so  little  reliance  can  be  placed 
on  the  transition  of  a  general  erythrodermia  without  lymphemia  into 
pseudoleukemia  (that  is,  lymphodermia  perniciosa).  The  basic  disease 
may  be  quite  different  (universal  psoriasis,  universal  lichen  ruber,  med- 
icamentous  exanthemata  of  various  kinds),  and  may  have  absolutely  no 
j'elationship  to  pseudoleukemia,  even  though  it  manifests  similar  pro- 
dromal symptoms.  Whether  the  whole  course  of  this  affection  of  the 
skin  from  its  urticarial  or  eczema-like  beginning  to  leukemia  and 
tumor  formation  is  to  be  considered  an  increase  in  intensity  of  one  dis- 
ease, or  whether  the  pseudoleukemia  which  later  becomes  true  leukemia 
is  accidentally  superadded  as  a  complication  to  a  universal  dermatitis 
of  long  standing,  is  a  question  that  our  present  knowledge  is  unable  to 
decide. 

The  course  of  pseudoleukemia  is  usually  slow  and  manifests  no 
paroxysmal  exacerl)ations.  The  glands  often  remain  the  same  size  for 
months  and  years  at  a  time,  occasionally  becoming  smaller,  sometimes 
as  a  result  of  therapy,  again  spontaneously.  The  blood-picture  shows 
but  slight  variations ;  as  a  rule,  the  proportion  does  not  pass  the 
boundaries  previously  set  down  ft)r  it — namely,  W.  :  R.  =  1  :   200  to 
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1  :  100,  and  occasionally  it  improves  somewhat.  Still,  sometimes  we 
see  a  sudden  (Trousseau)  universal  enlargement  of  the  lymph  glands 
(the  enlargement  up  to  this  time  being  confined  to  the  cervical  region) 
exactly  similar  to  that  observed  in  lymphatic  leukemia. 

Fever  is  not  a  frequent  symptom  of  pseudoleukemia.  More  atten- 
tion will  be  devoted  to  the  peculiar  pseudoleukemia-like  affection  de- 
scribed as  chronic  relapsing  fever  in  the  discussion  of  the  diagnosis. 

The  manner  of  death  is  exactly  similar  to  that  described  in  lymphatic 
leukemia.  It  is  the  result  either  of  intercurrent  disease  before  the 
pseudoleukemia  itself  has  become  threatening,  or  (and,  in  fact,  more  fre- 
quently than  in  leukemia)  of  obstruction  to  respiration  by  the  immense 
tumors  about  the  air  passages.  When  life  is  not  prematurely  termi- 
nated by  these  means,  the  disease  itself  progresses  to  death  by  a  slow 
cachexia  or  otherwise  almost  without  exception  by  transition  into  an 
acute  leukemia. 

Nevertheless,  in  this  form  of  lymphomatosis  the  prognosis  is  not  so 
absolutely  hopeless  as  in  leukemia.  In  a  certain  number  of  cases,  by 
energetic  treatment  with  arsenic,  we  are  able  to  bring  the  disease  to  a 
standstill  or  even  sometimes  to  a  long-continued  improvement.  Yet, 
whether  a  genuine,  fully  developed  pseudoleukemia  can  be  completely 
cured,  is  a  question  that  can  not  at  present  be  decided  with  certainty. 

PATHOLOGIC  ANATOMY. 

The  postmortem  appearance  of  soft  pseudoleukemic  lymphomata 
simulates  exactly  that  described  for  lymphatic  leukemia.  While  in  this 
soft  form  we  see  only  a  general  hyperplasia  of  the  parenchyma,  in  the 
hard  form  w'e  find  a  structure  in  which  the  increase  of  the  connective- 
tissue  stroma  is  conspicuous.  As  we  shall  learn  later  in  the  discussion 
of  the  diagnosis,  the  sharp  distinction  of  this  form  from  similar  clinical 
processes  (especially  tuberculosis)  has  become,  to  a  certain  extent,  con- 
fused during  recent  years  because  cases  from  the  older  literature,  which 
furnish  the  chief  contingent  for  the  study  of  the  pathologic  anatomy, 
have  not  been  submitted  to  the  criterions  demanded  by  the  present 
time. 

These  glands  are  also  round  or  oval,  flattened  against  one  another, 
hard  and  incompressible  to  the  finger,  and  often  cut  with  difficulty  or 
even  grate  under  the  knife.  Their  cut  surface  is  grayish  white  to  yel- 
low, dry,  does  not  well  up,  and  is  often  uniformly  fibrous  or  is  crossed 
by  whitish-yellow,  tliick  bands. 

The  Spleen  is  frequently  characterized  by  an  extraordinary  size 
scarcely  ever  seen  in  true  lymphatic  leukemia.     It  is  enlarged  in  all  its 
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diameters,  and  so  appears  like  a  giant  spleen  of  normal  shape.  These 
pseudoleukemic  spleens  exactly  resemble  the  lymphatic  leukemic  in 
structure.  They  are  hard,  usually  riddled  with  very  hard,  whitish  (in 
mild  grades  translucent),  round  or  oval  nodules.  These  nodules,  some- 
times confluent,  are  penetrated  by  vessels  and  correspond  to  the  en- 
larged follicles,  between  which  remains  of  the  brownish-red  splenic  pulp 
are  seen  in  the  shape  of  broad  bands  (Langhans). 

The  bone-marrow  has  not  been  studied  as  regularly  as  its  impor- 
tance demands.  In  cases  where  it  was  examined,  it  was  frequently 
found  altered  in  exactly  the  same  way  as  in  outspoken  lymphatic  leu- 
kemia. The  peculiar  bone  conditions  seen  in  multiple  myelomata  and 
its  osteosclerotic  varieties  will  be  described  with  the  other  affections 
coming  into  consideration  in  the  differential  diagnosis,  since  we  are  not 
justified  in  considering  any  of  these  cases  pseudoleukemia  (as  a  variety 
localized  in  the  bones)  without  further  study. 

The  histologic  structure  of  the  pseudoleukemic  lymphomata 
corresponds  exactly  with  that  of  lymphatic  leukemia.  In  extirpated 
glands  (Goldmann,  Fischer)  the  normal  arrangement,  with  the  prolifera- 
ting center  of  large  cells  and  the  peripheral  layer  of  small  cells,  is  still 
retained  just  as  Bizzozero  described  in  leukemia.  True,  Neumann's 
accumulations  of  eosinophile  cells  have  been  observed  by  Goldmann, 
yet  this  finding  is  apparently  not  characteristic,  since  it  is  found  also  in 
other  varieties  of  lymphomata  (Fischer),  and  is  by  no  means  constant 
in  pseudoleukemia. 

The  parenchyma  of  the  hard  form  is  likewise  composed  of  lympho- 
cytes, though  we  also  find,  as  Langhans  has  pointed  out,  polynuclear 
cells  with  nuclei  regularly  distributed  throughout  the  cell  body.  These 
cellular  constituents  are  more  or  less  prominent,  depending  on  the 
amount  of  connective-tissue  stroma.  This  develops  into  hard,  fibrous 
bands  which  may  compress  the  lymphatic  tissue  here  and  there  to 
almost  nothing.  All  transitions  up  to  this  sclerotic  form  are  seen  in 
the  different  cases,  and  sometimes  even  in  glands  of  the  same  case. 

[Dorothy  Reed,^  in  a  careful  histologic  study  of  the  glandular 
lesions  of  Hodgkin's  disease,  found  lesions  that  she  regarded  as  of  a 
perfectly  definite  nature.  There  was  a  primary  hyperplasia  of  the 
lymphadenoid  tissue  with  a  proliferation  of  the  endothelial  cells,  form- 
ing mononuclear  and  polynuclear  giant  cells,  and  later  a  marked  thick- 
ening of  the  reticular  tissue  of  the  glands,  in  the  form  of  coarse  anas- 
tomosing bands  of  connective  tissue.  Abundance  of  eosinophile  cells 
was  a  noteworthy  feature.  Very  similar  histologic  lesions  were  found 
^  Johns  Hopkins  Hosp.  Rep.,  1902,  vol.  x.,  p.  133. 
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by  Simmons  *  and  Longcope.^  Longcope  describes  in  the  earlier  stages 
hyperplasia  of  the  lymphadenoid  tissue,  a  massing  in  the  sinuses  of 
epithelioid  cells,  giant  cells  and  eosinophilic  leukocytes,  and  thickening 
of  the  reticulum.  Later  the  normal  structure  of  the  gland  is  lost,  and 
there  is  seen  a  reticulum,  in  the  meshes  of  which  are  found  large  and 
small  lymphocytes,  plasma  cells,  polymorphonuclear  leukocytes,  large 
uninuclear  and  multinuclear  giant  cells,  epithelioid  cells,  and  eosinophile 
leukocytes.  Occasionally,  by  their  rapid  division,  the  epithelial  cells 
form  islands  of  syncitium. — Ed.] 

When  retrogressive  changes  are  found  in  the  pseudoleukemic  tumors 
(especially  in  the  lymph  glands)  the  diagnosis  at  once  becomes  doubtful. 
In  these  cases  a  careful  investigation  should  be  made  to  determine 
whether  it  is  not  a  tumor-like  tuberculosis  (Sternberg)  or  a  combmatiou 
with  tuberculosis  (Fischer). 

ETIOLOGY. 

In  regard  to  the  excitant  of  pseudoleukemia,  our  knowledge  is  no 
greater  than  in  lymphatic  leukemia.  Often  as  the  disease  has  been 
described  as  infectious,  and  often  as  micro-organisms  have  been  found 
in  it  or  tumors  produced  by  the  injection  of  pieces  of  the  lymphomata 
into  animals  (Roux  and  Lannois,  Dclbet),  we  have  as  yet  no  convincing 
proof,  though  the  probability  is  great,  that  the  positive  inoculation 
experiments  represented  cases  of  tuberculosis.^ 

Since  Trousseau's  time,  local  affections  of  lymphatic  structures, 
especially  about  the  head  (for  instance,  enlargements  and  abscesses  of 
the  tonsils),  have  been  considered  as  forerunners  of  the  disease  on 
account  of  the  fact  that  the  operative  treatment  (extirpation  of  the 
tonsils  and  glands  by  the  knife)  is  not  rarely  followed  by  a  sudden 
eruption  of  lymphomata  over  the  whole  body. 

Among  other  forerunners  a  large  number  of  infectious  diseases  are 
mentioned — for  instance,  malaria  (frequent),  typhoid  fever,  syphilis 
(Peter),  measles,  and  scarlet  fever ;  also  the  sting  of  a  bee  (Billroth). 
The  occurrence  in  families  observed  by  Casati  (ten-year-old  girl,  father 
and  grandmother),  Biermer  (2  sisters,  age  from  three  to  four  years), 

1  Jour,  of  Med.  Research,  1903,  p.  378. 

'  Bull,  of  the  Ayer  Oin.  Lnh.  of  the  Penna.  Hasp.,  No.  1,  Oct.,  1903. 

^  Delbet  raises  this  assumption  to  ths  level  of  a  certainty  when  he  says  (quoted  from 
Eudler)  :  "  Clinically  we  have  to  determine  the  nature  of  a  disease  the  symptom-com- 
plex of  which  is  defined.  "When  we  find  cases,  therefore,  in  which  all  the  characteristic 
symptoms  are  present  (generalized  enlargement  of  the  glands,  leukocytosis,  its  peculiar 
cachexia),  we  are  forced  to  the  diagnosis  of  lymphadenoma.  Further,  when  bacterio- 
logical examination  and  animal  experimentation  show  that  the  case  is  tuberculosis,  we 
must  logically  conclude  that  certain  cases  of  lymphadenoma  are  of  a  tubercular  nature." 
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Cervical,  Submental,  Mediastinal,   Bronchial,  Kktroi'eritoneal,  and  Left 
Axillary  Tumors  from  Case  Shown  in  Plate  V. 

The  tongue  is  visible  at  the  top  of  tlie  picture  in  the  middle  line.  A  siiort  distance 
below  is  the  thyroid  gland.  The  axillary  tumors  are  attached  to  the  nias.s  of  cervical 
glands  on  the  left  side  (Longcope). 
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Eichhorst  (twelve-year-old  son  and  father),  Orthner  (2  sisters,  thouo-h 
iu  one  the  disease  was  not  diagnosed  with  absolute  certainty),  Croq  fils 
(mother  and  child),  Senator  (twin  sisters),  has  also  been  brought  for- 
ward in  support  of  its  infectious  nature  (Pawlowsky,  Rudler). 

The  predisposition  of  the  male  sex  is  marked ;  that  of  age  (between 
twenty  and  forty  years)  not  so  striking. 

As  a  matter  of  fact,  this  question  will  be  cleared  up  only  when  the 
diagnosis  is  made  with  that  precision  which  our  present  knowledge 
allows.  Unfortunately,  thus  far,  careful  separation  from  similar  clinical 
forms  has  not  been  possible  in  all  cases. 

DIAGNOSIS. 

The  definition  of  pseudoleukemia  has  always  been  one  of  the  most 
contested,  and  only  recently  have  we  begun  to  see  light  through  the 
confused  mass  of  symptoms.  From  the  beginning  Virchow  maintained 
that  the  designation  pseudoleukemia  signified  nothing  more  than  a 
collection  of  many  very  different  diseases. 

Among  the  numerous  synonyms  by  which  this  disease  has  been 
described  there  are  several  which  must  be  separated  as  special  diseases. 
Among  these,  in  addition  to  the  large  division  of  malignant  lymphomata 
(that  is,  cases  falling  under  the  definition  of  Kundrat's  lymphosarco- 
matosis),  we  have : 

Splenic  anemia  (Striimpell)  ;  anaemia  pseudoleuksemica  infantium 
(v.  Jaksch) ;  chronic  relapsing  fever  (Ebstein)  ;  multiple  myelomata 
(Rusticky). 

In  the  introduction  and  later,  in  the  course  of  our  remarks,  we  have 
repeatedly  maintained  that  only  those  cases  should  be  designated  pseu- 
doleukemia which  show  lymphadenoid  tumors  and  a  relative  increase 
of  lymphocytes  in  the  blood,  and  that  a  case  with  no  alteration  of  the 
blood  in  connection  with  the  lymphomata  should  not  be  considered  as  such. 

At  the  beginning,  then,  we  must  insist  tliat : 

1.  So  far  as  the  lymphomata  are  concerned,  we  must  consider  only 
lymphadenoid  accumulations  which  exactly  resemble  those  of  lymphatic 
leukemia  ;  consequently,  any  other  pathologic  finding  forces  the  case  out 
of  the  pseudoleukemic  group. 

2.  In  regard  to  the  blood,  tliere  must  be  a  relative  increase  of  lym- 
phocytes, yet  the  j)roportion  of  AV.  :  R.  must  not  be  greater  than  1  :  200 
to  1  :  100. 

We  must,  therefore,  first  of  all,  separate  a  large  number  of  cases 
showing  no  blood-alterations  in  which  the  tumors  have  been  demon- 
strated to  be  a  peculiar  form  of  tuberculosis. 

40 
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Among  the  cases  of  lymphatic  tumors  from  the  earlier  literature  a 
number  have  already  been  noted  which  show  more  than  a  simple  accu- 
mulation of  lymphatic  cells,  inasmuch  as  we  find,  in  addition,  retro- 
gressive changes  (caseation  and  other  necroses)  or  heterogeneous  cell 
varieties — namely,  polynuclear  cells  and  typic  Langhans'  giant  cells. 
It  was  in  reference  to  these  cases  that  Wunderlich,  and  later  Billroth, 
sujrorested  the  idea  of  scrofula. 

Moreover,  in  the  course  of  the  last  ten  years  cases  have  been 
described  in  which  animal  experimentation  or  histologic  and  bacterio- 
logic  investigation  have  been  able  to  demonstrate  tuberculous  changes 
in  the  enlarged  lymphatic  structures.  This  demonstration  has  stood 
the  test  of  the  most  careful  scrutiny,  and  we  are  now  in  a  position  to 
assert  positively  that  a  large  number  of  cases  of  pronounced  malignant 
lymphoma,  both  clinically  and  at  autopsy,  were  not  only  associated  with 
tuberculosis  (Fischer),  but  represented  pure  tuberculous  disease.  This 
tuberculosis  of  the  lymph  glands,  which  may  lead  to  confusion  with 
pseudoleukemia,  shows  certain  peculiarities.  The  typic  structure  of 
the  tubercle  is  lacking.  The  accumulations  of  large  endothelioid  cells 
are  more  diffuse  and  show  between  them  only  occasional  tubercle  bacilli. 
Later  in  its  development  we  may  find  widespread  caseation,  and,  at  the 
margin,  giant  cells  and  tubercle  bacilli  in  large  numbers.  In  addition 
to  this  "  large-cell  tubercular  hyperplasia "  (Ziegler),  we  sometimes 
find  quite  large  amounts  of  pure  hyperplastic  lymphatic  tissue.  Much 
more  rarely  we  see  a  collection  of  epithelioid  cells  resembling  the  ordi- 
nary typic  tubercle  with  a  lymphocytic  wall,  and  a  central  caseated 
area  containing  giant  cells. 

The  question  whether  we  have  to  do  with  tuberculosis  in  all  these 
cases  will  be  decided  only  after  a  considerable  increase  in  our  present 
material.  The  fact  that  the  more  careful  and  accurate  our  technic 
becomes,  the  more  frequently  is  the  tubercular  nature  demonstrated  by 
the  finding  of  bacilli,  and  by  animal  experimentation  speaks  decidedly 
in  favor  of  the  extraordinary  frequency  of  tuberculosis.  Yet  the 
question  whether  we  have  to  do  with  a  pure  tuberculosis  (as  Sternberg 
believes  he  has  demonstrated)  or  with  a  mixture  of  tuberculosis  with 
some  form  of  neoplasm  (sarcoma,  Ricker)  is  much  more  difficult.  On 
account  of  the  small  amount  of  material  at  command  we  are  not  yet 
in  a  position  to  decide  the  first  part  of  the  question — namely,  whether 
we  are  dealinor  with  tuberculosis  alone.  Other  and  more  extensive 
investigations  must  first  be  undertaken  along  the  lines  indicated  by 
Sternberg. 
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Sliowinj?  uninuclear  and  niultinuclear  j^iant  cells,  various  forms  of  ci)itliclioi(l 
and  niotlerute  numbers  of  eosinophilic  leukocytes  (Longcope). 
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lioid cells,  and  giant  cells   (Longcope). 
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[Dorothy  Reed  ^  has  strongly  opposed  the  tuberculous  nature  of 
pseudoleukemia,  and  has  contributed  a  study  which  is  entirely  convinc- 
ing that  some  of  the  cases  of  pseudoleukemia  are  not  tuberculous.  In 
the  8  cases  of  her  series,  1  was  found  at  death  to  have  lesions  of 
miliary  tuberculosis  and  tubercles  were  found  in  the  lymph  glands. 
It  was  quite  apparent,  however,  that  the  tuberculosis  was  a  superim- 
posed condition.  In  2  other  cases  of  the  series,  autopsies  were  obtained 
and  no  focus  of  tuberculosis  could  be  discovered.  In  the  remaining  5  cases 
the  lymph  glands  were  obtained  at  operations  and  they  alone  were  ex- 
amined. Nothing  suggesting  the  histologic  picture  of  tuberculosis  was 
seen,  and  tubercle  bacilli  were  searched  for  in  the  stained  sections  without 
result.  Inoculation  experiments  in  guinea-pigs  and  rabbits  were  made 
in  3  cases.  In  1  (the  case  in  which  miliary  tuberculosis  was  super- 
imposed) the  animal  died  and  general  tuberculosis  was  found.  In  the 
other  cases  inoculation  experiments  gave  absolutely  negative  results. 

W.  T.  Longcope^  has  studied  a  series  of  8  cases  and  arrives  at 
opinions  identical  with  those  of  Reed.  In  not  one  of  the  4  autopsies 
of  this  series  could  any  focus  of  tuberculosis  be  discovered,  although  it 
was  searched  for  with  great  care.  The  lesions  in  the  lymph  glands, 
spleen,  and  liver  showed  no  resemblance  to  tuberculosis,  and  numerous 
searches  through  the  sections  revealed  no  tubercle  bacilli  in  any  one  of 
the  8  cases.  Portions  of  the  glands  from  4  of  the  different  cases  in- 
oculated in  the  peritoneal  cavity  of  guinea-pigs  caused  no  disturbance 
of  the  health  of  these  animals  after  six  or  nine  months  or  even  longer. 
At  the  end  of  this  period  they  were  killed,  but  at  autopsy  both  ana- 
tomic and  bacteriologic  examinations  proved  negative.  On  the  other 
hand,  control  guinea-pigs  inoculated  with  portions  of  tuberculous  lymph 
glands  died  of  general  miliary  tuberculosis  within  three  and  a  half 
weeks.  Longcope  concludes  that  when  tuberculosis  occurs  in  combi- 
nation with  Hodgkin's  disease,  it  can  only  be  regarded  as  a  secondary 
infection. 

Simmons^  studied  a  series  of  9  cases,  4  of  which  proved  fatal. 
Autopsies  were  obtained  in  3.  In  2  of  the  autopsy  cases  there  was  a 
complicating  tuberculosis,  but  in  5  other  cases  in  which  inoculation 
experiments  were  made  with  portions  of  the  lymph  glands  the  result 
was  negative.  Simmons  concludes  that  Hodgkin's  disease  is  an  entity 
whose  histologic  appearance  is  definite,  and  that  it  has  no  relation  to 
either  leukemia  or  tuberculosis,  though  the  latter  may  coexist. — Ed.] 

^  Jnhns  Hopkins  Hos.  Rep.,  1902,  vol.  x.,  p.  133. 

*  Bull,  of  (he  Ayer  Clin.  Lab.  of  the  Penna.  Jfosp.,  No.  1,  Oct.,  1903. 

'  Jour,  of  Med.  Research,  1903,  vol.  ix.,  p.  373. 
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The  differentiation  of  the  other  symptom-complexes  mentioned  above 
may  be  even  more  difficult,  since  we  have  not  the  etiologic  factors  evi- 
dent in  tuberculosis  to  aid  us. 

1.  Ansemia  pseudoleukaemica  infantium  (v.  Jaksch),  ansemia 
splenica  of  English  writers,  or  pscudopernicious  anemia  of  children 
(Ehrlich).  This  consists  of  a  high-grade  anemia  characterized  by  a 
blood-picture  recalling  somewhat  pernicious  anemia.  We  find,  for  in- 
stance, nucleated  red  blood-corpuscles  (megaloblasts  and  normoblasts), 
a  diminution  in  the  number  of  erythrocytes,  frequently  a  marked  in- 
crease in  leukocytes,  and  the  appearance  of  myelocytes  (Ehrlich,  Engel ; 
the  blood-picture  of  the  case  reported  by  Bloch  and  Hirschfeld  [see  p. 
555]  as  leukemia  resembles  exactly  ansemia  pseudoleukannica  infantium). 
Unfortunately,  accurate  descriptions  of  the  blood-finding  are  wanting 
in  most  of  the  reports  (Symes,  Hochsinger — Reports  on  the  Anemias  of 
Children,  by  Fischl  and  Siegert ;  Henoch  will  allow  no  differentiation 
to  bo  based  on  the  blood-finding,  which  he  considers  as  a  "  Wechsel  auf 
die  Zukunft"),  and  we  are  consequently  throvvu  back  on  the  other 
clinical  symptoms  for  the  definition  of  the  disease.  The  disease  affects 
especially  young  children  between  the  ages  of  nine  months  and  two 
years.  It  terminates  either  in  death  or,  after  lasting  months,  in  re- 
covery. Its  most  conspicuous  characteristic  is  a  hard  (sometimes  very 
hard),  smooth  swelling  of  the  spleen,  which  is  often  visible  through  the 
emaciated  abdominal  wall,  and  to  which  Battersby  called  attention  as 
far  back  as  1849.  The  liver  is — in  contrast  to  the  very  great  enlarge- 
ment almost  regularly  seen  in  the  leukemias  of  very  young  children 
— not  very  much  enlarged,  and  retains  its  sharp  inferior  margin 
(v.  Jaksch).  The  anemia  is  evidenced  by  the  pallor  and  puffiness  of  the 
skin,  which  frequently  shows,  especially  on  the  face,  a  diffuse  sulphur 
yellow  or  sometimes  a  more  circumscribed  yellow  tone  (Symes),  diminu- 
tion of  the  red  and  often  marked  increase  of  tlie  white  blood-corpuscles. 
In  addition  we  find  hemorrhages  into  the  skin,  and  the  mucous  mem- 
brane of  the  nose,  mouth,  and  intestine. 

Further  investigations  are  necessary  to  show  whether  this  blood- 
picture  (with  megaloblasts  and  myelocytes)  is  a  constant  feature ;  fir 
if  it  is,  the  differentiation  from  outspoken  cases  of  lymphatic  leukemia 
would  become  relatively  easy.  The  remaining  clinical  symptoms  are 
not  sufficiently  definite  for  a  differential  diagnosis  from  leukemia  or  a 
series  of  other  anemic  conditions  of  children.  High-grade  leukocytoses, 
such  as  may  occur  in  this  affection,  have  apparently  not  the  same  sig- 
nificance in  children  as  in  adults  (v.  Jaksch).  Moreover,  a  predomi- 
nance of  the  lymphocytes  is  to  be  considered  the  rule,  even  normally 
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Section  through  Spleen  in  Case  of  PsEUDOLErKEAn.v. 

A  lymphomatons  nodnle  is  extending  through  the  wall  of  a  large  blood-vessel  and 
partially  occlude.s  the  lumen  (Longcope^. 
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(Loos,  Engel).  Bearing  in  mind  these  uncertainties,  we  must  realize 
that  only  those  cases  which  have  been  subjected  to  our  modern  methods 
can  give  anything  like  positive  evidence  in  regard  to  the  relation  of  this 
disease  to  leukemia. 

The  frequent  occurrence  in  syphilitic  children  gives  rise  to  special 
difficulties.  In  these  cases  the  basic  disease  may  produce  quite  similar 
symptoms  (diffuse  hereditary  syphilitic  infiltration  of  the  skin  [Hoch- 
singer] ,  marked  enlargement  of  the  spleen,  moderate  tumor  of  the  liver, 
high-grade  anemia)  to  both  aujemia  pseudoleukaemica  infantium  and  true 
leukemia.  The  same  may  be  said  of  the  pathologico-auatomic  finding 
(round-cell  infiltration  of  the  parenchymatous  organs)  and  of  the  blood- 
picture  (nucleated  red  blood-corpuscles  [Loos] ,  lymphocytosis  [Engel] ). 
Moreover,  specific  therapy  aids  little  in  the  diagnosis,  since,  on  the  one 
hand,  mercury  and  iodids  do  not  always  cure,  and,  on  the  other,  the 
disease  not  rarely  terminates  favorably  without  specific  treatment. 

A  larger  number  of  cases,  carefully  examined  according  to  the  de- 
mands of  modern  diagnosis  and  compared  with  the  normal  conditions, 
is  likewise  necessary  to  make  this  subject  clear. 

2.  Splenic  Anemia  (Striimpell). — On  account  of  our  defective 
knowledge  of  the  normal  conditions,  and  on  account  of  the  small 
amount  of  available  material,  the  relations  of  the  disease  described  by 
Striimpell  as  splenic  anemia  to  pseudoleukemia  and  lymphatic  leukemia 
are  even  less  definite  than  those  of  ansemia  pseudoleukaemica  infantium. 
The  rarity  of  the  disease  leaves  us  with  insufficient  material  on  which 
to  form  a  judgment  of  the  nature  of  the  disease.  It  is  sometimes  reck- 
oned with  the  severe  essential  anemias,  again,  with  lienal  pseudoleu- 
kemia. It  is  characterized,  in  addition  to  the  symptoms  produced  by 
enlargement  of  the  spleen,  by  a  high-grade  anemia,  expressed  by  an 
oligochromemia  and  oligocythemia,  which  are  sometimes  associated  with 
a  mild  leukocytosis.  The  not  rare  paroxysmal  course  (somewhat  like 
that  of  pernicious  anemia)  is  particularly  noticeable,  the  most  marked 
anemia  and  enlargement  of  the  spleen  alternating  with  evident  and 
long-lasting  remissions.  Moreover,  we  must  contest  the  designation 
lienal  pseudoleukemia  for  the  same  reasons  that  we  offered  ngainst  the 
designation  lienal  leukemia.  We  should  not  name  the  leukemia  Irom 
the  organs  showing  the  greatest  change,  but  from  the  kind  of  change, 
and  we  should  proceed  in  the  same  way  in  the  naming  of  the  varieties 
of  pseudoleukemia.  Though  certain  cases  of  this  anemia  are  found 
associated  with  an  increase  in  lymphocytes,  we  have  no  case  associated 
with  the  occurrence  of  myelocytes ;  consequently,  as  the  cases  of  gen- 
eralized lymphomatosis  with  lymphocytosis  are  placed  in  close  relation 
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to  lymphatic  leukemia,  so  these  cases  of  splenic  anemia  with  lympho- 
cytosis should  occupy  the  same  position. 

[The  contributions  to  the  pathology  of  "  splenic  anemia  "  that  have 
recently  appeared  ^  do  not  support  the  old  view  that  this  condition  is  a 
form  of  splenic  pseudoleukemia.  It  is  questionable  whether  the  con- 
ditions designated  by  the  term  splenic  anemia  all  belong  to  a  single 
class.  There  is  some  evidence  to  show  that  different  pathologic  proc- 
esses have  superficial  resemblances  that  makes  their  clinical  differen- 
tiation difficult  or  impossible.  At  any  rate  there  is  not  at  the  present 
time  much  evidence  to  justify  the  classification  of  the  condition  with 
pseudoleukemia.  Many  of  the  recorded  cases  have  shown  normal  or 
practically  normal  conditions  of  the  blood. — Ed.] 

3.  Chronic  Relapsing  Fever  (Ebstein). — Under  this  name  a 
disease  was  described  which  runs  a  course  exactly  like  that  reported  first 
by  Pel  (though  previously  recognized  by  others — Gowers,  Murchison) 
as  a  special  form  of  pseudoleukemia.  Its  characteristic  is  a  regular 
alternation  of  pyretic  and  apyretic  periods,  which  last  from  one  to  three 
weeks  or  sometimes  less.  A  splenic  tumor  becomes  at  the  same  time 
clinically  perceptible,  which  frequently  increases  and  decreases  with  the 
paroxysms  and  remissions.  More  rarely  we  find  lymphomata  and 
other  localized  sarcoma-like  round-cell  tumors.  The  anatomic  picture 
frequently  suggests  lymphosarcoma  or  Hodgkin's  disease,  consisting,  as 
it  does,  of  a  malignant  tumor  (Hammer  suggests  sarcoma,  but  compare 
what  is  said  about  this  case  under  multiple  myelomata)  situated  in  some 
one  or  other  lymphoid  organ  (glands,  spleen,  bone-marrow).  The  diag- 
nosis of  these  cases  is  made  more  difficult  by  the  occurrence  of  very 
similar  symptoms  in  severe  malaria  (van  der  Scheer)  which  terminates 
in  recovery  ;  though  quinin — usually  effective — fails,  and  arsenic  alone 
proves  successful,  exactly  as  in  pseudoleukemia.  A  similar  recurring 
fever  has  been  sometimes  observed  in  other  malignant  tumors  (Hampeln, 
Kast),  and  is  to  be  attributed  to  their  irregular  growth.  Further,  even 
in  the  cases  reckoned  as  pseudoleukemia,  the  finding  is  not  always  a 
pure  lympbadenoid  one  (spindle-  and  epithelioid-cell  tumors,  Schottelius 
in  Volcker's  case),  and  this,  in  connection  with  the  combination  (even 
though  possibly  accidental)  of  a  previously  existing  skin  tuberculosis 
(Hanser),  supports  the  idea  expressed  by  Sternberg,  and  before  him  by 
Askanazy,  that  we  often  have  to  do  in  these  cases  with  the  peculiar 
tubercular  lymphomata  which  simulate  pseudoleukemia.  The  expla- 
nation of  the  disease  picture,  in  short,  as  a  modification  of  pseudo- 
leukemia, can  scarcely,  therefore,  be  considered  complete.  Whether 
1  Sippey,  Osier,  Kolleston,  Brill,  F.  Taylor,  Stengel. 
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cases  of  pseudoleukemia  with  intermittent  fever  are  to  be  regarded  as  a 
special  class  must  be  left  to  future  investigation.  So  far,  neither  the 
pathologic  anatomy  nor  the  blood  histology  is  sufficiently  understood  to 
decide  the  proper  classification  of  these  cases. 

4.  I/ymphosarcomatosis. — Recognized  among  the  first  of  the 
lymphatic  processes — though  sharply  defined  only  later  by  Kundrat, 
who  associated  it  with  pseudoleukemia — this  afiection  may  prove  ex- 
ceedingly difficult  of  diagnosis.  The  name  lymphosarcoma  is  used  in 
its  old  signification,  somewhat  modified  and  narrowed.  Like  the  forms 
of  generalized  lymphomata,  the  disease  takes  its  origin  from  the  lym- 
phatic organs,  from  the  proliferating  tissue  of  the  lymph  glands,  the 
follicles  of  the  spleen  or  other  preformed  collection  of  lymphocytes ; 
and,  like  all  lymphatic  tumors,  especially  in  the  region  of  the  head, 
from  the  mucous  membrane  of  the  throat,  the  tonsils,  and  the  skin 
glands.  The  greater  number  of  these  lymphosarcomata  sensu  strictiori 
can  never  be  confused  with  pseudoleukemic  tumors,  since  they  occur  as 
circumscribed  masses,  showing  early  ulceration,  especially  on  the  mucous 
membrane  of  the  mouth  and  upper  air  passages  (Stork),  while  pseudo- 
leukemic, like  lymphatic  leukemic,  tumors,  never  show  a  primary 
breaking  down. 

Still  we  often  meet  serious  difficulties  in  the  frequent  cases  in  which 
the  tumors  take  their  origin  in  the  lymph  glands  (especially  of  the 
neck),  and  in  the  rarer  cases  in  which  the  spleen  alone  seems  affected, 
and  increases  occasionally  to  extraordinary  dimensions  (Tiirck).  Never- 
theless, the  similar  course  of  the  latter  to  a  malignant  tumor  makes  an 
evident  difference  between  it  and  pseudoleukemia. 

We  have  learned  to  recognize  pseudoleukemia  and  lymphatic  leu- 
kemia as  generalized  lymphomatoses,  in  which  the  tumors  remain  local- 
ized in  capsulated  organs  (especially  lymph  glands),  after  the  fashion 
of  a  benign  tumor,  never  pass  over  these  prescribed  boundaries,  and  in 
their  growth  only  force  to  one  side  and  compress  the  neighboring  tissue 
without  destroying  it.  Moreover,  their  manner  of  distribution  is  not 
like  the  dissemination  or  metastasis  of  malignant  tumors ;  on  the  con- 
trary, these  lymphomata  are  hyperplasias  of  the  tissue  normally  present 
at  the  site  where,  speaking  generally,  the  specific  irritation  arose.  In 
contrast  to  this  lymphosarcoma  is  a  local  process  which,  after  the  fashion 
of  a  malignant  tumor,  is  capable  of  breaking  through  everything  in  its 
immediate  neighl)orhood,  and  spreading  from  its  primary  location 
throughout  the  body  by  means  of  the  lymph  vessels.  Since  this  dis- 
semination proceeds  gradually  from  one  group  of  glands  to  another,  and 
since  the  primary  tumor  is  absolutely  localized  to  lymphatic  structures 
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(glands,  lymph  follicles,  or  other  accumulations  of  lymphadenoid  tissue), 
we  find  multiple  lymphatic  tumors,  as  in  leukemia  and  pseudoleukemia. 
Moreover,  since  the  oldest  foci  are  not  necessarily  the  largest,  we  may 
find  large  tumors  far  distant  from  the  primary  focus  and  only  connected 
with  it  by  an  unbroken  chain  of  very  small  ones.  Still,  the  secondary 
tumors  are  usually  distributed  in  a  gradually  decreasing  size  from  the 
primary  ones,  so  that  those  farthest  away  are  also  the  smallest  (Kundrat). 

When  the  malignancy  of  the  process  is  shown  by  the  non-confine- 
ment of  growth,  the  diagnosis  between  lymphosarcoma  and  leukemia 
or  pseudoleukemia  is  even  clinically  easy.  But  so  long  as  the  lymph 
gland  tumors  do  not  break  through  their  capsule  and  invade  the  sur- 
rounding tissue,  the  differentiation  from  pseudoleukemia  and  leukemia 
is  clinically  impossible.  True,  sometimes  the  simultaneous  occurrence 
of  a  lymphosarcoma  in  the  neighboring  mucous  membrane  (particularly 
of  the  throat)  permits  a  positive  diagnosis.  Yet,  in  general,  we  must 
base  our  decision  on  the  blood-finding,  which  in  leukemia  and  pseudo- 
leukemia, shows  an  increase  in  lymphocytes ;  in  lymphosarcoma,  either 
a  normal  count  or  even  a  decrease  (sometimes  extreme)  in  lymphocytes 
(Reinbach,  Tiirck,  see  this  Vol.,  p.  82). 

Therefore,  a  positive  diagnosis  as  to  whether  we  are  dealing  with 
leukemia  or  not  can  be  made  only  from  the  blood-finding.  Yet,  with 
an  absence  of  the  characteristic  lymphocytosis,  the  anatomic  examina- 
tion of  the  tumor  itself  is  alone  sufficient  to  tell  whether  the  case  is 
one  of  lymphosarcoma  or  some  other  form  of  lymphoma,  particularly 
the  peculiar  tuberculous  form  previously  described. 

The  study  of  the  histology  of  the  ])lood  will  fail  us  in  only  one  case, 
namely  :  when  a  lymphosarcoma  is  grafted  on  an  already  existing  lym- 
phomatosis (usually  a  pseudoleukemia  with  the  proportion  of  reds  to 
whites  unaltered),  a  combination  which  is  not  rarely  observed  and  which 
leads  to  the  view  of  a  genetic  relationship  between  the  two,  somewhat 
similar  to  that  presupposed  in  the  origin  of  a  malignant  tumor  from  a 
benign  one  (Tiirck).  In  this  case,  when  the  clinical  picture  is  deficient, 
the  microscopic  examination  of  the  affected  organ  alone  is  capable  of 
leading  to  a  diagnosis.  While  in  pseudoleukemic  lymphomata  the  cap- 
sule is  always  respected  and  other  adenoid  nodules  are  developed  not 
by  metastases  from  this  lymph-cell  accumulation,  but  from  cells  origi- 
nally in  loco  ;  the  nodules  of  lymphosarcomatosis  grow  unchecked  beyond 
the  natural  boundaries,  breaking  through  the  capsule  at  different  places. 
True,  within  the  individual  lymphatic  organs  in  leukemia  and  pseudo- 
leukemia, we  frequently  find  a  confusion  of  the  different  parts  normally 
separated  from  one   another  (the  cortical  nodules  and  medullary  bands 
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of  the  lymph  glands,  the  lymph  follicles  in  the  spleen  and  in  the 
mucous  membranes)  on  account  of  the  fact  that  they  are  not  strictly 
held  apart  by  connective-tissue  walls  and  slight  disturbances  readily 
lead  to  their  confluence.  In  this  case  the  arrangement  of  the  ele- 
ments and  the  shape  of  the  cells  must  act  as  the  criterion.  In 
pseudoleukemia  we  find  only  the  simple  structure  described  under 
the  pathologic  anatomy,  in  other  words,  the  adenoid  tissue  consists  of  a 
more  or  less  rich  uniformly  arranged  connective-tissue  reticulum,  in 
which  are  deposited  the  round  cells  corresponding  to  the  small  lympho- 
cytes. The  tumors  of  lymphosarcoraatosis,  on  the  contrary,  are 
(according  to  Kundrat)  characterized  by  an  irregular  arrangement  of 
the  stroma  and  a  smaller  number  of  larger-sized  cells. 

[Tiirk  '  discusses  the  lymphomatoses  dividing  them  into  three  groups. 
The  chronic  benign  form  and  an  acute  and  a  chronic  malignant  form. 
The  first  two  groups  he  subdivides  into  alymphemic,  the  sublymphemic, 
and  the  lymphemic.  The  sublymphemic  chronic  benign  forms  he  iden- 
tifies with  Pinkus'  pseudolymphemia.  The  chronic  malignant  form  cor- 
responds with  lymphosarcomatosis  which  may  be  local  or  generalized.  He 
notes  that  transitional  cases  join  the  different  groups  with  each  other.  He 
holds  that  chloroma  is  an  acute  lymphomatosis  with  a  green  color  of 
the  lymphoid  proliferations,  and  a  special  tendency  to  involve  the  peri- 
osteum and  marrow.  He  does  not  regard  the  green  coloration  as  war- 
ranting special  classification.  The  involvement  of  the  periosteum, 
dura,  and  serous  membranes  indicates  a  moderate  malignancy  which  is 
confirmed  by  the  discovery  of  the  characteristics  of  acute  leukemia  in 
the  blood-making  organs.  The  point  he  aims  at  establishing  is  that  in 
situations  where  the  conditions  do  not  favor  the  washing  away  of  the 
cells,  there  is  evidence  of  local  injury,  and  when  the  cells  are  produced 
in  great  number  in  the  lymphatic  system  there  is  local  accumulation 
with  formation  of  tumor  masses.  The  local  accumulations  are  more 
likely  to  occur  in  aleukemic  forms.  Pappenheim,  in  discussing  the 
nature  of  leukemia^  and  the  occurrence  of  lymphemia  witliout  enlarge- 
ment of  the  glands,  expresses  the  view  that  there  is  no  sharp  dividing 
line  between  pseudoleukemia  and  lymphatic  leukemia.  When  the  ]iroc- 
ess  is  confined  to  the  glands  and  spleen,  the  clinical  picture  is  that  of 
Hodgkin's  disease,  but  when  the  bone-marrow  is  involved  the  blood  at 
once  presents  the  character  of  lymphemia. — Ed.] 

Multiple  Myeloma. — We  still  liave  left  the  dinerential  diagnosis 
of  the  disease  known  as  multiple  myelomata,  the  relationship  of  wliich 
to  lymphatic  conditions  appears  very  close.     It  is  charncterized  ]>y  a 

^Wiener  klin.  Woch.,  1903,  No.  39.  ''  Zcitschr.f.  klin.  Med.,  1900,  p.  171. 
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typical  syudrome  which  makes  its  diagnosis  very  probable,  even  during 
life.  The  disease  is  introduced  by  indefinite  feelings  which  later  develop 
to  lively  pains,  especially  in  the  rump,  breast,  back,  neck,  and  more 
rarely  in  the  limbs,  associated  with  spontaneous  pain  or  tenderness  on 
pressure  in  the  bones  of  these  parts  (spinal  column,  ribs).  Still  later 
visible  changes  often  occur  in  the  bones  (swellings,  spontaneous  fract- 
ures, particularly  in  the  ribs  and  sternum),  and  others  are  indicated  by 
the  bending  forward  of  the  head  and  kyphotic  lowering  of  the  vertebral 
column.  At  the  same  time  a  severe  anemia  develops,  accompanied  by 
various  nervous  disturbances,  as  neuralgia,  motor,  and  sensory  paralyses 
of  the  cerebral  nerves  (hypoglossal,  facial.  Senator).  An  additional 
characteristic  is  the  excretion  of  the  so-called  Bence-Jones'  albumose  in 
the  urine,  which  we  previously  mentioned  as  an  exceptional  occurrence 
in  lymphatic  leukemia  (p.  593).  The  anatomic  finding  consists  of  pecul- 
iar lymphoma-like  tumors  in  the  bone-marrow,  which  usually  terminate 
in  softening  (this  is  the  reason  for  the  fractures),  and  in  the  early  cases 
gave  rise  to  the  idea  of  osteomalacia.  Less  frequently  ^  the  process 
terminates,  not  in  softening,  but  in  an  osteosclerosis  of  the  compact 
bone  which  leads  to  a  disappearance  of  the  medullary  spaces,  so  that 
only  a  very  small  remnant  filled  with  a  red  tissue  made  up  mostly  of 
lymphocytes  is  left.  The  blood  shows  an  anemia,  but  no  increase  in 
white  cells,  and,  in  the  carefully  reported  cases,  no  relative  lymphocy- 
tosis.     Lymphomata  are  not  rarely  found  in  the  internal  organs. 

The  localized  lymphoma  formation,  usually  seen  in  multiple  myelo- 
mata with  its  negative  blood  finding,  stands  in  contrast  to  the  diffuse 
lymphoid  hyperj)lasia  which,  according  to  Neumann,  constitutes  the 
basis  of  every  leukemia.  Moreover,  the  transition  of  a  localized  into 
a  diffuse  lymphatic  hyperplasia  of  the  bone-marrow,  as  suggested  by 
Pappenheim,  has  so  far  never  been  observed. 

Unfortunately  we  have,  from  none  of  the  cases  so  far,  such  an 
accurate  record  of  the  histologic  examination  that  the  diagnosis  of  the 
variety  of  round  cells  is  entirely  objectionless ;  for  it  is  exactly  in  the 
bone-marrow  that  these  cells  are  difficult  to  diagnose  on  account  of 
ready  confusion  with  others.  The  great  similarity  of  the  advance 
stages  of  true  bone-marrow  cells  and  of  red  blood-corpuscles  with  lym- 
phocytes, may  give  the  most  different  histologic  processes  quite  similar 
appearances.      In  this  regard,  the  finding  of  Charcot's  crystals  in  Noth- 

*  We  have  mentioned  Hammer's  case  in  the  section  on  Chronic  Relapsing  Fever,  where 
we  took  the  observer's  explanation  of  the  tumors  as  sarcomata.  Yet,  according  to 
V.  Baumgarten's  explanation  and  the  cases  of  v.  Baumgarten  (myelogenous  pseudoleu- 
kemia) and  Nothnagel  (lymphadenia  ossium),  it  appears  more  likely  that  it  was  a 
pseudoleukemic  process. 
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nagel's  well-known  case  of  lymphadenia  ossium  becomes  especially 
puzzling,  since  they  occur  in  lymphatic  tumors,  at  most,  only  exception- 
ally (see  Chloroma,  p.  579). 

We  are,  therefore,  not  yet  so  far  advanced  as  to  be  able  to  define 
the  absolute  relation  of  multiple  myelomata  or  other  forms  of  this  affec- 
tion to  lymphatic  pseudoleukemia.  We  can  no  more  bring  the  cases 
with  a  normal  blood-finding  into  this  category  than  the  cases  of  mul- 
tiple lymphomata  without  lymphemia.  It  is  possible  that  the  experi- 
mental production  of  changes  in  the  bone-marrow  by  the  artificial  in- 
duction of  albumosuria  (Zuelzer)  may  throw  some  light  on  the  subject, 

[In  a  review,  under  the  title  of  "  Myelopathic  Albumosuria,^ "  S.  J. 
Meltzer  ^  refers  to  the  history  of  this  condition  and  literature  up  to  the 
present  time.  In  the  recent  paper  of  Simon  ^  the  subject  was  carefully 
reviewed.  Later,  F.  Parkes  Weber,^  collected  and  analyzed  the  data  in 
28  reliable  cases.  To  these  Meltzer  now  adds  1  of  Milroy,^  3  of  Anders 
and  Boston,^  1  of  Boston  alone,^  and  1  of  Vickery,^  all  of  which,  with 
his  own  case,  make  the  total  number  of  recorded  instances  35.  He 
believes  that  the  number  of  cases  does  not  adequately  represent  the  fre- 
quency of  the  condition,  since  there  are  cases  on  record  of  multiple 
myeloma  with  albumin  in  the  urine,  while  at  the  autopsy  the  kidneys 
were  found  normal,  and,  again,  pathologic  cases  of  multiple  myeloma 
reported  recently  in  which  there  have  been  no  clinical  notes.  The  fact 
that  Weber,  even  in  his  second  case,  did  not  discover  that  the  albumin  in 
the  urine  was  really  albumose  until  after  two  months,  and  the  fact  that 
Jochmann  and  Schumm  ^  have,  as  recently  as  1901,  described  their  typical 
case  as  one  of  osteomalacia,  and  only  lately  corrected  this  erroneous 
nomenclature,  show  that  the  disease  is  quite  readily  overlooked  or  errone- 
ously classified.  As  far  as  diagnosis  is  concerned,  Meltzer  states  that 
the  coincidence  of  myeloma  and  albumosuria  constitutes  the  essential 
feature  of  the  disease. — Ed.] 

We  must  further  mention  the  cases  (referred  to  under  Lymphatic 
Leukemia)  of  symmetrical  lymphoma  development  in  the  lacrimal  and 
salivary  glands  which  Mikulicz  believes  to  be  a  disease  type.  Their 
simple  lymphoraatous  structure,  their  reaction  to  arsenic,  and  tlieir 
clinical  resemblance  to  true  lymphemia  cases  bring  them  close  to  pseudo- 
leukemia ;   the  possibility  of   cure   and    the  absolutely  normal   blood- 

^  Kahler's  Disease;  Multiple  Myeloma.  '  Med.  Record,  June  18,  1904. 

»  Amer.  Jour,  of  the  Med.  Sci.,  1902,  p.  939.         *  Amer.  Jour.  Med.  Sci.,  1903,  p.  644. 

*  Jour,  of  Path.,  vol.  vii.,  p.  95.  ®  Lancet,  Jan.  10,  1903. 

''  Amer.  Jour,  of  Med.  Sci.,  April,  1903. 

*  Trans,  of  the  Assoc,  of  Amer.  Phys.,  1902,  vol.  xvii.,  p.  171. 
»  Munch.  Med.  Woch.,  1901,  p.  1340;  Zeitschr.  f  klin.  Med.,  1902,  vol.  .xivi.,  p.  445. 
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picture  permit  their  comparison  with  muhiple  lymphomata  without 
lymphemia,  which  we  sometimes  find  as  the  forerimuer  of  a  lymphemia. 

If  we  consider  now  the  ordinary  large  tubercular  lymphomata  and 
the  malignant  tumors  of  the  lymph-glands,  carcinoma  metastases  and 
sarcoma,  we  shall  have  recalled  all  the  diseases  occurring  in  the  lymph- 
atic apparatus. 

The  sharp  differentiation  which  we  have  made  between  lymphemic 
and  non-lymphemic  conditions  will,  we  are  confident,  act  as  the  criterion 
of  diagnosis  between  these  different  diseases  in  the  future. 

The  differentiation  between  lymphatic  leukemia  and  pseudoleukemia 
with  their  closely  related  lymphemia  is  less  sharp.  The  cases  with  a 
moderate  increase  of  lymphocytes  are  especially  difficult ;  and,  as  we 
have  remarked  in  the  introduction,  we  are  not  infrequently  forced  to 
make  the  diagnosis  more  from  the  general  impression  created  than 
from  any  definite  clinical  symptoms.  In  general,  we  are  inclined  to 
regard  all  cases  showing  a  deterioration  of  the  blood  as  lymphatic  leu- 
kemia, and  cases  with  a  regular  course  lasting  years,  even  when  the 
ratio  of  W.  :  R.  is  1  :  100,  as  pseudoleukemia. 

What  was  said  in  the  previous  section  (p.  625)  applies  also  to  the 
differentiation  of  pseudoleukemia  from  myeloid  leukemia. 

In  conclusion,  therefore,  we  divide  the  old  broad  conception  of 
pseudoleukemia  into  three  diseases  : 

1.  True  pseudoleukemia.  In  this  class  we  place  the  generalized 
lymphomatoses  with  relative  lymphocytosis,  and  comprehend  them  in 
one  group  with  true  lymphatic  leukemia. 

2.  Lymphosarcomatosis,  generalized  lymphomatosis  without  blood 
alteration  or  with  a  decrease  in  lymphocytes  and  with  characteristic 
malignant  tumors. 

3.  Other  not  purely  lymphatic  diseases  of  the  lymph  apparatus,  as 
tuberculosis  and  malignant  tumors. 

PROGNOSIS  AND  TREATMENT. 

In  regard  to  the  prognosis  and  therapy  we  can  only  repeat  what  we 
said  under  lymphatic  leukemia.  Therapeutic  results  are  more  frequent 
than  in  lymphatic  leukemia,  especially  under  the  energetic  administra- 
tion of  arsenic  ;  yet,  even  here  a  persistent  effect  is  rare.  Neverthe- 
less, all  the  symptoms  may  be  held  in  check  for  months  and  years  even 
without  an  actual  cure.  We  must  repeat  that  lymphomata  accompanied 
by  an  increase  of  lymphocytes  in  the  blood  provide  a  signal  for  the 
most  guarded  prognosis. 

In  regard  to  the  cases  of  generalized  lymphomatosis  with  no  blood 
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alteration,  which  cannot,  therefore,  be  regarded  as  pseudoleukemia,  the 
prognosis  is  entirely  dependent  on  their  etiology.  As  mentioned  pre- 
viously, a  certain  percentage  of  these  cases  constitute  an  advance  stage 
of  pseudoleukemia,  whether  it  is  to  be  considered  that  the  lymphemia 
sets  in  as  a  later  development  or  the  transition  to  pseudoleukemia  comes 
on  as  a  complication.  These  etiologically  indefinite  lymphomata  are 
frequently  tractable  to  therapy.  When  the  enlarged  glands  are  not  too 
widely  distributed  and  are  extirpated,  a  remission  frequently  occurs 
which  may  last  a  long  time  or  even  forever ;  yet,  in  other  cases,  the 
extirpation  seems  to  act  as  a  factor  inducing  more  rapid  spread.  Not 
rarely  they  disappear  under  the  administration  of  preparations  of 
iodin,  and,  as  described  in  a  previous  section,  they  are  especially 
favorably  influenced  by  arsenic.  This  arsenic  therapy  must  be  con- 
tinued for  a  long  time  and  is  often  successful  only  by  the  alteration  of 
internal,  subcutaneous  and  intraglandular  administration. 

[The  results  obtained  from  a:-ray  treatment  will  be  referred  to  under 
the  treatment  of  Myeloid  Leukemia. — Ed.] 
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Myeloid  Leukemia. 


Since  the  theoretical  questions  in  regard  to  the  different  forms  of 
leukemia  were  thoroughly  discussed  on  page  125,  as  well  as  in  the 
introduction  to  the  volume  we  will  confine,  ourselves  in  the  following  to 
the  description  of  the  purely  clinical  peculiarities  of  myeloid  leukemia 
("  myelemia,"  "  myelogenous  seu  medullary,  seu  bone-marrow  celled 
leukemia  "). 

This  problem  meets  at  once  no  small  obstacle  in  an  insufficient 
amount  of  material  to  render  our  observations  complete.  For,  as  has 
been  shown  in  the  above-mentioned  sections,  we  can  not,  in  the  light 
of  our  present  knowledge,  consider  merely  a  pathology  and  therapy  of 
"  leukemia."  On  the  contrary,  we  realize  that  the  two  forms  of  leu- 
kemia, the  lymphatic  and  the  myeloid,  are  so  distinctly  separated  from 
one  another  that  a  close  relationship  between  them  is  not  at  all  likely. 
Both  diseases  have,  in  fact,  as  much  and  as  little  in  common,  as,  for 
instance,  typhus  abdominalis  (typhoid  fever)  and  typhus  exanthe- 
maticus,  two  diseases  which  owe  their  somewhat  similar  names  to  the 
similarity  of  several  of  their  most  prominent  symptoms  and,  there- 
fore,  must  be  sharply  differentiated. 

With  this  in  view,  we  break  from  the  line  of  procedure  generally 
followed  thus  far,  of  considering  the  etiology  and  special  symptoma- 
tology of  both  leukemias  together.  It  is  necessary,  therefore,  and  we 
hope  advantageous  to  the  advancement  of  knowledge  to  base  this  chap- 
ter on  cases  which  belong  without  doubt  to  one  or  the  other  form.  AVe 
wish  only  to  remark  that  in  the  material  thus  sifted,  we  must  not  over- 
look the  question  whether  this  differentiation  of  the  two  diseases  dis- 
covers more  clinical  characteristics  that  are  common  or  more  that  differ. 

Unfortunately,  by  far  the  greater  i)art  of  the  data  given  in  the  lit- 
erature fails  to  fulfil  the  necessary  demands  made  by  Neumann,  thirty 
years  ago,  and  is,  therefore,  useless  fi)r  our  pur]K)sc.  True,  a  certain 
number  of  descriptions  of  the  blood  in  leukemia  have  come  down  to 
us  from  the  earlier  times,  even  before  the  introduction  of  our  present 
clinical  methods,  which  are  so  accurate  that  we  can  decide  tlio  diagnosis 
of  individual  cases  to-day.     Nevertheless,  considering  the  amount  of 
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material,  these  cases  are  exceedingly  few,  and  in  contrast  to  these,  the 
greater  number  of  publications  on  leukemia,  even  during  the  last  ten 
years  are  so  defective  as  to  be  unavailable.  We  are  constrained,  too,  to 
omit  those  cases  which  are  designated  as  pure  lienal,  lieno-medullary 
or  medullary,  that  is  myelogenic  when  no  accurate  description  of  the 
microscopic  blood-picture  accompanies  them. 

The  following  description,  therefore,  is  based  on  a  comparatively 
small  number  of  cases,  and  will  possibly  bring  forward  less  actual 
material  than  monographs  written  ten  years  ago.  Numerous  assertions 
in  regard  to  the  etiology,  pathologic  anatomy,  complications,  etc.,  made 
by  other  manuals,  and  text-books  can  not  be  considered  here,  because 
it  is  uncertain  whether  they  refer  to  lymphatic  or  myeloid  leukemia. 


ETIOLOGY. 


Myeloid  leukemia  is  a  reasonably  rare  disease.  Definite  data  can 
not  at  present  be  given,  since  in  the  statistical  reports  showing  the  fre- 
quency of  leukemia  a  separation  of  the  two  forms  has  not  been  made. 
Judging  from  tlie  cases  in  which  the  blood  finding  was  carefully  de- 
scribed, the  author's  impression  is  that  lymphatic  leukemia  is  some- 
what more  common  than  myeloid. 

Of  38  cases  characterized  as  myeloid  by  the  blood  examination,  12 
were  in  females  and  26  in  males. 

In  regard  to  age  they  were  divided  as  follows  : 

Age.                                                                                   Females.  Males. 

1-10 1  1 

11-20 3  0 

21-30 4  7 

31-40 4  7 

41-50 0  8 

51-60 0  3 

The  marked  participation  of  the  virile  age,  as  has  been  generally 
recognized  in  leukemia,  is  striking.  Among  the  38  cases,  30  were 
between  the  ages  of  twenty  and  fifty.  Females  are  apparently  much 
less  frequently  attacked  than  males. 

In  regard  to  occupation  and  social  position,  I  could  find  nothing 
that  might  tend  to  show  a  predilection.  What  was  said  previously  in 
the  chapter  on  the  etiology  of  leukemia,  is  based  on  conjecture,  and 
this  is  especially  true  in  regard  to  myeloid  leukemia  which  manifests  no 
relationship  to  other  diseases,  as,  for  example,  sarcomatosis  or  tuberculosis. 
Moreover,  all  attempts  to  attribute  the  disease  to  unsanitary  conditions, 
poor  food,  worry,  overwork,  etc.,  must  be  considered  idle. 

Nothing  positive  can  be  drawn  from  the  literature  in  regard  to  local 
differences  or  geographic  distribution.  Still,  the  large  luimbcr  of  cases 
(39)  which  fell  into  tlie  hands  of  one  observer,  Cabot,  in  Jioston,  is 
striking. 

For  a  time  trauma  was  made  to  play  a  special  role  in  the  etiology 
of  leukemia.  Yet,  such  a  connection  can  by  no  means  be  regarded  as 
proved.  Recalling  the  fact  that  in  many  of  the  eases  of  myeloid  leu- 
kemia the   diagnosis  was  made  quite  accidentally  and  only  in  an  ad- 
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vanced  stages  of  the  disease,  it  is  readily  intelligible  that  not  infrequently 
cases  may  be  discovered  through  an  examination  of  the  blood  made  on 
account  of  a  trauma.  In  an  extensive  monograph  on  the  traumatic 
origin  of  internal  disease,  Stern  disposed  entirely  of  the  so-called  cases 
of  traumatic  leukemia  and  came  to  the  conclusion  that  no  such  indis- 
putable case  has  been  observed,  even  though  the  possibility  can  not  be 
denied  that  the  function  of  the  blood-making  organs  may  be  deranged 
with  such  a  result  by  injury  or  shock. 

Since  the  first  domination  of  bacteriology  in  the  study  of  the  etiology 
of  disease,  numerous  attempts  have  been  made  to  show  a  vegetable  or 
animal  cause  for  leukemia.  Yet,  none  of  these  attempts  has  led  to 
anything  like  a  satisfactory  result,  whether  limited  to  the  microscopic 
demonstration  or  the  artificial  cultivation  of  the  excitant,  or  extended 
to  the  transference  of  the  disease  to  animals  by  inoculation. 

A  full  report  of  these  futile  investigations  is  presented  by  Lowit^ 
in  the  publication  in  which  he  endeavors  to  prove  that  a  certain  proto- 
zoon  variety  "  haemamaeba  leuksemiae  magna "  is  the  cause  of  myeloid 
leukemia,  and  another  "  h8emama?ba  leuksemise  parva  sen  vivax  "  is  the 
cause  of  lymphatic  leukemia.  Only  a  comparatively  short  time  has 
elapsed  since  the  appearance  of  Lowit's  paper,  yet  its  probability  is 
seriously  impaired  by  the  contradiction  already  experienced.  Lowit's 
protozoa  have  been  considered  as  artifacts  especially  by  Tiirk,  Litten, 
and  Michaelis,  and  the  suspicion  has  even  been  aroused  that  they  are 
the  basophile  granulations  of  the  mast  cells  which,  as  we  know,  are  a 
constant  constituent  of  myelemic  blood.  Still,  before  this  question  can 
be  settled  with  unqualified  certainty,  further  investigations  must  be 
made. 

Moreover,  the  clinical  study  of  myeloid  leukemia  has  so  far  pro- 
duced only  very  uncertain  evidence  that  we  have  to  do  with  an  infec- 
tious disease.  True,  two  observations  may  be  considered  worthy  of 
mention — namely,  Cabot's,  in  which  a  nurse  became  affected  with  mye- 
loid leukemia  and  died  a  short  time  after  he  had  nursed  a  typic  case  of 
the  disease,  and  Obrastzow's,  in  which  the  same  occurred  with  lymphatic 
leukemia.  Yet,  it  is  impossible  from  these  two  cases,  to  draw  the 
conclusion  that  they  were  the  result  of  direct  contagion. 
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THE  BLOOD. 


We  will  here  add  to  the  detailed  description  of  the  microscopic 
picture  given  on  page  128,  a  few  particulars  in  order  to  show  more 
clearly  the  extraordinary  diversity  and  yet  sharp  definition  of  this  dis- 
ease.    (Compare  Plate  XIII.). 

In  brief  the  classical  characteristics  of  myeloid  leukemia  are  : 

1.  The  occurrence  of  very  many  mononuclear  neutrophile  cells,  Ehr- 
lich's  myelocytes  xar'  ^qa^r^v.  These  are  encountered  in  all  variations 
of  size,  from  somewhat  smaller  than  the  normal  red  blood-corpuscle,  to 
two  or  three  times  this  size.  In  the  same  way  the  protoplasmic 
granules  vary  in  number  from  a  few  to  a  number  filling  almost  the 
entire  cell. 

2.  The  occurrence  of  mononuclear  eosinophile  leukocytes  corre- 
sponding in  size  and  number  of  granules  with  the  preceding.  Occa- 
sionally we  meet  very  large  examples  three  to  four  times  the  size  of  a 
red  blood-corpuscle. 

3.  An  absolute  increase  in  the  polynuclear  neutrophile  and  eosino- 
phile cells. 

4.  An  absolute  and  usually  also  a  percentage  increase  in  the  mast 
cells. 

5.  Atypic  forms  of  white  blood-corpuscles  (compare  p.  132),  espe- 
cially forms  showing  mitoses. 

6.  Nucleated  red  blood-corpuscles,  more  frequently  normoblasts, 
less  frequently  megaloblasts. 

We  intend  to  elucidate  this  brief  review  of  the  morphologic  changes 
(a  more  complete  description  of  which  has  been  given  in  another  sec- 
tion) by  a  few  figures  from  our  own  studies. 

This  small  table  is  sufficient  to  show  that  not  only  the  individual 
cases  of  myeloid  leukemia  differ  from  one  another,  but  that  the  blood- 
picture  of  the  same  case  differs  considerably  at  different  times. 
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Date. 

Whites 

to 

reds. 

Erythro- 
blasts : 
Erythro- 

Perce 

itage  of 

Case. 

Poly- 

Myelo- 

Eosino- 

Large 

Mast 

Lympho- 

cy'"" 

nuclear 

cytes. 

philes. 

niono- 
nuclear 

cells. 

cytes. 

T-e 

June  25, 1894 

78 

24.3 

9.5 

4.1 

3.0 

47.0 

12.2 

Julv  1,  1894 

93 

15.2 

51.7 

4.1 

1.7 

16.5 

10.0 

JiilV  12,  1894 

62 

41.5 

26.5 

8.5 

0.5 

15.5 

7.5 

July  24,  1894 

41 

33.3 

41.3 

2.7 

1.0 

12.7 

8.9 

Aug.  9,  1894 

50 

29.8 

19.7 

8.7 

1.0 

35.0 

5.8 

Aug.  80,  1894 

18 

49.4 

42.0 

2.0 

1.9 

3.7 

1.0 

T— h 

Nov.  15, 1894 

2.5 

7.4 

79.4 

1.3 

0.4 

11.4 

Nov.  27, 1894 

2 

22.0 

70.0 

2.8 

1.1 

0.3 

4.8 

Dec.  29,  1894 

3.3 

13.6 

83.3 

1.1 

0.2 

0.3 

2.6 

Jan.  19,  1895 

1.7 

20.8 

75.0 

2.0 

0.1 

0.2 

2.0 

P— r 

■Vpril  16, 1895 

4.2 

24.7 

65.1 

4.5 

0.2 

0.5 

5.0 

April  19, 1895 

5 

8.0 

80.0 

9.0 

0.7 

1.0 

1.3 

May  3,  1895 

3 

6.6 

82.4 

7.1 

1.0 

3.8 

May  16,  1895 

1.8 

10.0 

83.4 

2.6 

0.8 

3.1 

J— h 

Dec.  30,  1899 

4.5 

1 

355 

60.3 

35.9 

1.5 

0.5 

0.7 

2.0 

Dec.  31,  1899 

6 

1 

270 

53.0 

32.0 

5.8 

4.5 

2.2 

3.5 

Jan.  1,  1900 

9 

1 

290 

42.6 

34.4 

8.0 

7.5 

5.1 

2.3 

Jan.  7,  1900 

12.5 

1 

700 

47.6 

28.0 

11.3 

8.4 

5.0 

0.8 

Jan.  14,  1900 

•  5.5 

1 

620 

55.1 

25.0 

9.1 

7.4 

1.3 

3.0 

Jan.  28,  1900 

:  8 

1 

600 

50.8 

27.0 

8.2 

11.5 

2.8 

0.5 

June  24,  1900 

:  7 

1 

180 

33.0 

50.0 

6.6 

3.0 

1.7 

5.6 

S-h 

July  9,  1900 

:9 

1 

125 

22.10 

58.4 

6.37 

7.36 

1.69 

3.79 

S-r 

July  9,  1900 

3.5 

1 

475 

20.0 

65.0 

5.75 

7.5 

0.5 

1.25 

Moreover,  special  emphasis  must  be  laid  on  the  behavior  of  the 
mast-cells.  In  every  one  of  these  cases  their  absolute  number  is 
increased,  even  when  their  percentage  is  not  higher  than  the  normal 
average.  It  is  pure  accident  that  the  majority  of  cases  here  quoted 
show  such  a  low  percentage  of  mast  cells,  since  usually  the  relative 
numbers  are  much  higher.  In  several  cases  in  which  Cabot  made  accu- 
rate counts,  he  mentions  10  per  cent.,  8.8  per  cent.,  3.8  per  cent.,  2 
per  cent.,  1.5  per  cent.  ;  Tiirk  found  fluctuations  between  6.75  per  cent, 
and  15.53  per  cent,  in  1  of  his  cases,  between  2.8  per  cent,  and  11 
per  cent,  in  a  second,  between  4.6  per  cent  and  5.9  per  cent,  in  a  third, 
and  between  7.8  per  cent,  and  17.67  per  cent,  in  a  fourth  ;  Lowit  found 
in  these  cases  18  per  cent.,  13  per  cent.,  and  12  per  cent.  From  this, 
it  is  evident  that  the  myelemia  is  characterized  by  a  high  ab.solute  and 
usually  high  relative  mast-cell  count. 

The  fluctuations  in  these  individual  cases  seem  to  indicate  that  the 
manner  in  which  particular  varieties  of  cells  are  di.stributed  in  a  blood- 
drop,  is  partly  the  result  of  accident,  though  it  can  not  be  doubted  that 
the  out-wandering  from  the  bone-marrow  is  influenced  by  peculiarities 
in  the  disease  excitant. 


PLATE   Xni. 


TiiK  l')Lo<>i)  IN  Mykloim  Lkikemia. 
a,  Neutrophil  inyi-lncytcs  ;  />,  polynK.rplionucl.'ar  lu-utrophil  loukoi-ytc  ;  r, 
eosinophil  inyelocytcs  ;  d,  must  cells  (the  vueiK.les  represent  uustiiiiied  j;r:iiniles)  ; 
e,  nonuobhists  ; /,  normoblast  with  segmentaticm-fifiure  ;  f/,  normal  erythn-ytes  ; 
h,  megalol)last;  /,  dwarfed  polynuclear  neutropiiil  Icuk-ocytc  Sp.rimen  lixrd  in 
formol.  Stained  with  triaeid  mixture  (Leit/,  Oii-immer.  ,',,  Oc.  1,  Tuh,- 
length  10). 


Whites. 

122,500 

w. 

:R. 

=  1  :  20.6 

235,000 

w. 

:R 

=  1:    9.7 
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The  i-atio  of  white  to  red  blood-corpuscles  fluctuates  within  the 
widest  limits.  Still,  not  so  very  long  since,  as  is  well  known,  leu- 
kemia was  differentiated  from  leukocytosis  merely  ])y  this  ratio,  the 
figures  1-50  or  1-20  being  arbitrarily  chosen  as  the  boundary  dividing 
the  two.  To-day  we  recognize  only  alterations  of  the  white  corpuscles 
themselves  as  characteristic  for  both  lymphatic  and  myeloid  leukemia, 
and  even  though  the  ratio  W.  :  R.  shows  no  great  deviation,  this  does 
not  necessarily  exclude  leukemia,  v.  Noorden  for  instance,  reports  a 
case  of  myeloid  leukemia  in  which  there  was  only  1  white  to  200  reds. 
Still,  in  the  majority  of  cases  we  find  figures  which  approach  very  clo-se 
to  1  :  2  or  1  : 1. 

Moreover,  in  the  course  of  an  individual  case  the  ratio  AV.  :  R.  fluc- 
tuates considerably,  as  is  evident  from  the  table  just  given  ;  in  fact,  witliin 
a  few  hours  surprising  alterations  have  been  observed.  Thus  v.  Hayek, 
for  instance,  found  in  his  case  during  the  course  of  one  day : 

Temperature.  Reds. 

10  A.  M.  37.6°  C.  2,525,000 

4  p.  M.  36.3°  C.  2,305,000 

In  this  case  the  lowering  of  the  body  temperature  1.3°  may  readily 
have  been  of  influence,  yet  independently  of  anything  like  this,  the 
blood-picture  may  change  considerably  within  the  shortest  interval. 
From  this  alone,  is  evident  how  little  significance  is  to  be  attached  to 
the  quantitative  estimation  of  the  cells. 

Even  in  severe  cases  of  myeloid  leukemia  the  ab.solute  number  of 
red  blood-corpuscles  is  not  very  markedly  decreased.  The  author  saw 
in  complicated  cases  even  sub  finem  vita3  counts  of  over  2,000,000,  and 
in  Cabot's  rich  material  we  find  cases  of  undoubted  myeloid  loukeuiia 
with  5,000,000,  4,877,000,  4,800,000,  etc.  After  long  duration  of 
the  disease  or  after  intercurrent  severe  hemorrhages,  diarrheas,  albumi- 
nuria, etc.,  the  number  may  sink  very  low,  even  to  one-half  million 
and  under. 

The  proportion  of  nucleated  to  non-nucleated  red  blood-corpu.scles 
is  likewise  subject  to  great  variations,  l)oth  in  the  comparison  of  difler- 
ent  cases  and  in  the  course  of  an  individual  ca.se  at  ditt'erent  timcij,  so 
that  in  two  preparations  taken  at  only  .short  intervals,  one  may  show 
several  examples  in  every  field,  the  other  scarcely  any  on  the  whole 
slide. 

In  almost  all  cases  we  find  erythrocytes  in  a  conditioii  of  p">ly- 
chromatophilic  degeneration — that  is,  showing  granules  which  stain  with 
methylene  blue,  as  has  been  described  and  pictured  inider  "Anemia" 
(p.  254).     Yet,  we  must  expressly  insist  that  we  very  frequently  find 
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far-advanced  cases  of  myeloid  leukemia  in  which  the  red  blood- 
corpuscles  are  absolutely  normal  in  shape,  size,  and  staining  properties. 
Rouleau  formation  is  almost  always  preserved. 

The  blood-platelets  show  no  deviations  from  the  normal  worth  men- 
tioning. The  counts  which  v.  Emden  made  in  2  cases  were  either 
normal  or  varied  between  one-half  and  double  the  normal.  Litten 
asserts  that  the  platelets  are  always  considerably  increased  in  number, 
and  Hayem  that  they  are  increased  in  size. 

[The  effect  of  treatment,  especially  the  administration  of  arsenic, 
on  the  blood  must  always  be  kept  in  mind.  A.  E.  Taylor  ^  refers  to 
the  effects  of  treatment  on  the  blood  in  8  of  his  series  of  cases.  The 
influence  of  arsenic  upon  the  red  corpuscles  was  usually  less  marked 
than  upon  the  leukocytes.  Three  cases  showed  a  complete  disappear- 
ance of  leukocytosis,  followed  by  a  relapse  and  a  second  disappearance 
of  the  excess  of  white  cells.  In  2  of  the  3  a  second  relapse,  followed 
by  a  third  disappearance,  occurred.  The  effect  of  the  treatment  was 
quantitative  rather  than  qualitative.  The  myelocytes  were,  however, 
especially  reduced  in  number  and  proportion.  In  1  case  there  was  a 
return  to  nearly  normal  proportions  of  the  different  forms  of  leuko- 
cytes ;  a  slight  lymphocytosis  alone  remained. — Ed.] 

So  much  for  the  peculiarities  of  the  corpuscular  elements  of  the 
blood. 

We  have  naturally  no  accurate  records  in  regard  to  the  quantity 
of  blood.  Estimating  by  the  pulse  or  the  amount  issuing  from  a 
finger-prick,  we  have  never  been  able  to  perceive  any  striking  dim- 
inution. 

The  color  of  the  fresh  blood-drop  is  in  no  way  distinguishable 
from  the  normal  in  mild  or  moderately  severe  cases  ;  in  fact,  even  when 
the  ratio  of  whites  to  reds  is  1  :  1,  provided  the  number  of  reds  is  not 
entirely  too  small,  for  instance,  not  less  than  a  million,  there  is  no  con- 
siderable deviation  to  the  naked  eye.  In  this  connection  we  should 
add  that  Virchow's  expression  "  white  blood  "  referred  not  to  the  blood 
during  life,  but  after  death.  Virchow  himself  expressly  says  that  in 
the  case  in  which  the  "  white  blood  "  was  found  post  mortem,  an  epi- 
staxis  shortly  before  death  showed  l)lood  of  a  normal  color. 

Corresponding  to  the  slight  diminution  in  the  number  of  red  cor- 
puscles, we  find  the  hemoglobin  percentage,  according  to  Fleischl 
or  Gowers,  not  much  below  the  normal.  Not  infrequently,  in  even 
outspoken  cases,  we  found  hemoglobin  percentages  of  60-70  Gowers. 

Still,  in  the  estimation  of  the  hemoglobin  by  the  colorimetric  methods, 
^  Contrib.  from  the  Wm.  Pepper  Lab.  of  Clin.  Med.,  1900. 
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we  must  remember  that  the  immense  number  of  leukocytes  prevents  a 
clear  translucent  solution  of  the  blood  in  the  water  ;  in  fact,  they  fre- 
quently cloud  it  more  or  less  so  that  these  methods  can  not  be  depended 
upon  for  absolute  accuracy. 

The  Specific  gravity  of  the  blood  is,  as  a  rule,  somewliat  higher 
than  in  other  blood  diseases  with  similar  hemoglobin  i)ercentages,  though 
this  is  to  be  expected  on  account  of  the  comparatively  greater  richness 
of  the  blood  in  cells.  In  1  case  in  which  the  hemoglobin  was  50 
(Gowers)  we  found  the  specific  gravity  to  be  1050  (estimated  by  Ham- 
merschlag's  benzol-chloroform  method).  Dieballa  mentions  2  cases  of 
"leukemia  myelolienalis "  without  an  accurate  description  of  the  blood 
histology,  in  which  he  found  the  specific  gravity  8-14  per  thousand 
higher  than  the  hemoglobin  percentage  would  call  for. 

More  attention  has  been  paid  to  the  coagulability  of  the  blood 
in  leukemia  than  in  any  other  blood  disease,  and  the  fact,  that  the 
results  of  the  different  investigations  are  very  contradictory  is  due  to 
the  non-separation  of  the  different  leukemias. 

Generally,  we  find  the  statement  that  "  leukemic  "  blood  coagulates 
less  readily  than  normal  blood  (v.  Limbeck,  Rywosch  and  Berggriin, 
and  others),  though  again  others  (v.  Samson-Himmelstjerna,  quoted 
by  Pfeiffer)  declare  it  normal.  Unfortunately,  we  can  not  decide 
from  the  records  to  which  form  of  leukemia  the  individual  observations 
refer.  We  occasionally  found  it  impossible  with  one  patient  suffering 
from  myeloid  leukemia  (Case  T)  to  count  the  red  corpuscles  with  the 
Thoma-Zeiss  apparatus  on  account  of  the  extremely  rapid  coagulation 
of  the  blood  in  the  capillary  pipet.  Yet,  in  other  cases  the  counting 
proceeded  without  difficulty. 

It  is,  a  priori,  very  probable  that  the  different  varieties  of  white 
corpuscles  differ  considerably  from  each  other  in  regard  to  clotting  and 
fibrin  formation.  Thus  from  Th.  Pfeiffer's  work  it  appears  that  in 
cases  of  myeloid  leukemia  only  a  slight  increase  was  noticeable  in  the 
fibrin  content  of  the  blood  plasma  (57.9  mm.  fibrin  =  N  in  100  cm. 
plasma  in  contrast  to  39.3  mg.  the  normal  average),  while  in  simple 
hyperleukocytosis  with  a  considerably  smaller  total  luunber  of  whites, 
almost  three  times  as  much  was  found.  According  to  Ijilicnfcid,  coagu- 
lability increases  with  the  richness  of  the  different  forms  in  nudein, 
and,  according  to  Minkowski,  the  lymphocytes  are  much  richer  in 
nucleic  acid  than  the  polynuclear  cells.  The  strict  separation  of  tlie  two 
forms  of  leukemia  and  a  thorough  knowledge  of  the  proportionate  par- 
ticipation of  the  different  varieties  of  leukocytes  will  possibly  aid  in 
explaining  the  apparently  irregular  behavior  of  leukemic  blood. 
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In  this  regard,  Brandeuburg's  work  directed  to  the  chemistry  of 
leukemic  blood  is  very  valuable.  This  shows  that  the  bone-marrow  is 
stained  an  intense  blue  by  tincture  of  guaiac,  while  the  lymphatic  struc- 
tures proper,  the  lymph  glands,  liver,  and  thymus  fail  to  give  this 
reaction.  From  Brandenburg's  experiments  and  his  conclusions,  it 
seems  highly  probable  that  this  difference  in  reaction  is  the  result  of 
special  properties  belonging  to  the  nucleoproteids  of  the  bone-marrow 
cells,  which  are  lacking  in  those  of  the  lymph  cells. 

From  the  statements  in  the  literature  in  regard  to  the  serum  in 
leukemia,  it  is  impossible  to  say  whether  the  cases  are  to  be  reckoned 
with  myeloid  leukemia  or  not.  The  figures  given  in  relation  to  the 
specific  gravity,  amount  of  albumin  and  dried  substance  deviate  as  a 
rule  but  little  from  the  normal.  Matthes  examined  the  blood  post 
mortem  in  1  case  of  myeloid  leukemia,  and  demonstrated  a  deutero- 
albumose  and  considerable  soluble  nucleo-albumin  in  the  serum. 

We  find  in  the  literature  no  determinations  of  the  alkalinity  of  the 
blood  which  we  can  consider  as  meeting  our  requirements. 

Moreover,  the  further  observations  in  regard  to  the  chemic  pecu- 
liarities of  leukemic  blood  are  unfortunately  but  little  available  for  this 
study,  since  almost  all  the  cases  in  question  are  only  designated  leu- 
kemia and  no  detailed  description  of  the  blood-picture  is  given.  And  we 
have  mentioned  before  that  it  is  exactly  in  their  chemic  relations  that 
lymphatic  and  myeloid  leukemia  would  be  expected  to  show  consider- 
able differences.  True,  very  recently  attention  has  been  called  to  this, 
but  it  happens  that  the  investigations  so  far  are  limited  to  lymphatic 
leukemia  (see  Erben).  This  investigator  is  likewise  inclined  to  see  a 
difference  in  the  chemic  composition  of  the  blood  in  the  two  leukemias, 
in  that  he  claims  the  polynuclear  cells  carry  ferments,  while  the  lym- 
phocytes do  not.  Still,  the  individual  observations  on  this  subject 
are  at  present  very  contradictory  and  further  work  toward  the  eventual 
solution  of*  the  problem  would  be  very  desirable. 

Among  other  things  we  may  mention  that  Magnus-Levy  found  con- 
siderable quantities  of  uric  acid  in  the  blood  of  1  case  post  mortem,  and 
among  the  other  derivatives  of  nuclein  Kossel  found  xanthin. 

An  important  peculiarity  of  the  blood  of  myeloid,  in  contrast  to 
that  of  lymphatic  leukemia,  is  the  occurrence  of  Charcot's  crystals, 
observ^ed  first  by  Neumann.  These  are  found  normally  in  the  bone- 
marrow,  l)ut  in  the  former  disease  also  in  the  blood,  spleen,  and  liver 
in  large  quantities  post  mortem  (Litten).  This  finding  appears  quite 
reasonable  in  view  of  the  close  relation  between  the  eosinophile  cells 
which  are   markedly  increased    in  myeloid  leukemia  and    Charcot's 
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crystals.  Since  considerable  misunderstanding  seems  to  exist,  we  wish 
to  say  that  the  crystals  are  never  seen  in  the  blood  when  it  is  abso- 
lutely fresh — that  is,  just  after  it  has  been  drawn  from  the  body,  but 
only  after  it  has  dried  some  time  under  the  cover  glass.  According  to 
Ehrlich,  crystallization  may  occur  very  rapidly  in  one  case,  very  slowly 
in  another,  though  the  reasons  for  this  are  at  present  unknown.  West- 
phal  took  blood  by  jjuncture  directly  from  the  spleen  during  life  and 
claims  that  the  crystals  were  at  once  visible  in  it. 

THE  CLINICAL  ALTERATIONS  IN  THE  GENERAL  CON- 
DITION AND  IN  THE  INDIVIDUAL  ORGANS. 

During  the  long-protracted  course  of  the  disease  through  months  or 
even  years,  the  general  condition  naturally  shows  many  changes.  Yet, 
not  only  at  the  very  beginning  of  the  disease,  but  even  after  marked 
development  of  all  the  characteristic  symptoms,  especially  the  alterations 
of  the  blood  and  the  tumor  formations,  the  patient  may  manifest  a 
surprisingly  good  condition  of  nutrition  and  considerable  strength, 
and  may  complain  of  almost  no  subjective  symptoms.  One  of  my 
patients,  for  instance,  a  tinner  by  trade,  has  for  months  gone  about  his 
work  on  the  house  tops,  though  the  symptoms  have  been  fully  developed 
for  over  a  year,  and  his  spleen  extends  to  below  the  umbilicus.  In 
fact,  it  is  not  at  all  rare  for  patients  to  have  no  idea  of  the  existence 
of  their  disease,  even  when  fully  developed,  till  it  is  casually  discovered 
by  a  physician  consulted  for  some  comparatively  insignificant  complaint, 
like  epistaxis,  pain  in  the  side,  or  an  accident. 

When  the  disease  is  more  rapid  in  course,  or  is  very  far  advanced, 
the  patient  experiences  a  feeling  of  growing  weakness.  Bodily  effort 
becomes  more  and  more  difficult.  Among  the  subjective  com- 
plaints are  stitch  in  the  side,  shortness  of  breath,  ])alj)itati()n  of  the 
heart,  gastric  oppression,  loss  of  appetite,  and  finally  j):iin  and  tender- 
ness of  the  different  bones,  especially  the  sternum  and  the  long  tubular 
bones. 

With  protraction  of  the  disease,  the  subcutaneous  fat  becomes 
more  or  less  diminished.  Toward  the  end  of  the  disease,  after  cachexia 
has  developed,  a  marked  emaciation  takes  place  and  this  is  more  striking 
when  the  abdomen  is  distended  l)y  a  very  large  sj)U'en. 

In  advanced  stages  of  the  disease  a  more  or  less  in.irla'il  anemia 
occurs,  which  is  evidenced  by  the  pallor  of  the  skin  and  mucous  mem- 
branes, as  well  as  by  the  blood  examination.  Still,  it  would  iu"  a  mis- 
take to  suppose  that  every  case  of  leukemia  must  show  signs  of  anemia. 
Patients  are  occasionally  seen  presenting  a  myeloid  leukemia  for  months 
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without  their  appearance  or  blood  showing  the  slightest  symptom  of 
anemia.  It  has  been  previously  mentioned  in  the  discussion  of  the 
morphology  of  the  blood  that  the  red  -corpuscles  are  frequently  devoid 
of  every  anemic  change.  In  the  same  way  cases  not  rarely  occur  in 
which  the  number  is  normal  or  deviates  but  little  from  the  normal 
(Cabot,  see  above  p.  651). 

In  later  stages  of  the  disease,  especially  if  protracted  diarrhea  or 
frequent  hemorrhages  occur,  we  find  anemia  of  the  most  severe  grade. 
This  almost  always  resembles  a  simple  chronic  anemia,  though  some- 
times the  presence  of  megaloblasts  and  megalocytes  changes  its  character 
in  the  direction  of  progressive  pernicious  anemia. 

Another  alteration  seen  in  the  general  condition  is  toward  the 
hemorrhagic  diathesis.  In  this  regard,  however,  great  variations 
are  found  in  the  course  of  the  disease,  for  instance,  periods  lasting 
w^eeks  or  months,  during  which  large  hemorrhages,  particularly  epistaxis, 
may  occur  daily  and  again  similar  periods  in  which,  without  special 
therapy,  no  hemorrhage  occurs. 

The  hemorrhagic  diathesis  is  characterized  by  hemorrhages  into  all 
the  organs,  and,  though  epistaxis  is  its  most  frequent  expression,  hem- 
orrhages from  the  gums,  the  digestive  tract,  into  the  retina,  the  skin, 
the  serous  membranes,  the  brain,  and  the  parenchymatous  organs,  are 
not  rare.  These  hemorrhages  may  be  the  immediate  cause  of  death, 
either  by  becoming  uncontrollable,  as  happened  in  one  of  Virchow's 
cases,  or  by  cerebral  apoplexy. 

The  behavior  of  the  temperature  is  entirely  unintelligible.  A 
large  number  of  cases  have  been  found  apyretic  under  long-continued 
clinical  observation  up  to  the  exitus  letalis,  others  showed  fever  of 
varying  severity  for  quite  as  long  periods  (see  Freudenstein),  and  finally 
the  same  case  has  shown  a  normal  temperature  for  months  and  then  a 
moderately  high  fever  of  remittent  type  (see  Temperature  Curve,  Fig.  8) 
lasting  for  weeks.  Very  high  temperature  (over  40°  C.)  which  are 
frequently  accompanied  by  chills,  are  seen  only  exceptionally.  The 
second  temperature  curve  here  given,  is  part  of  one  shown  by  v.  Hayek, 
and  from  it  we  learn  that  the  type  of  fever  may  be  strictly  remittent 
for  a  long  time,  like  that  occurring  otherwise  only  in  malaria  or  septic 
infection.  In  regard  to  this  patient  we  must  add  that  apyretic  periods 
occasionally  occurred  and  that  the  autopsy  showed  the  case  to  be  un- 
complicated. The  fever,  therefore,  seems  attributable  to  the  leukemic 
process  per  se.  Naturally,  the  fever  is  frequently  produced  by  com- 
plications, which  are  not  lacking  in  leukemia. 

The  metabolism  in  leukemia  has  been  the  subject  of  numerous 
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investigations  in  former  and  recent  times,  and  though  in  individual 
publications  it  is  not  always  possible  to  judge  the  variety  of  leukemia 
studied,  the  general  agreement  of  all  the  results  permits  the  condition 
in  myeloid  leukemia  to  be  judged  with  sufficient  certainty.     All  the 
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investigators,  among  whom  we  may  mention  Pcitciikolcr  and  \  <iit, 
Kraus  and  Chvostek,  Bohland  and  Geppert,  Magnus- Levy,  agree  that 
the  respiratory  mcfnholism  is  quite  normal. 

The     investigations    thus    far    (Strieker,    Fleischer  and    IVnzuldt, 

42 


658 


MYELOID  LEUKEMIA. 


V.  Noorden,  v.  d.  Wey,  Magnus-Levy)  have  shown  that  there  is  a  con- 
siderably increased  proteid  metabolism  in  chronic  niyelemia.  Still,  in 
the  course  of  the  individual  case  this  increased  catabolism  alternates 
with  a  nitrogen  equilibrium,  in  fact,  even  with  the  nitrogen  retention 
(v.  Noorden).  [Taylor  '  found  in  1  case  a  nitrogen  balance  of  intake 
and  output,  and  normal  assimilation  and  absorption  of  proteid  food. 
He  quotes  the  authors  just  mentioned  as  having  found  excess  of  nitrogen 
elimination,  but,  on  the  other  hand,  1  case  with  a  negative  balance, 
reported  by  Mathes,  and  retention  of  nitrogen  with  increase  in  body 
weight,  reported  by  Spirig^  and  Moraczewski.^ — Ed.] 

The  urine,  as  a  rule,  shows  no  striking  peculiarities.     Different 
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complications  on  the  part  of  the  kidneys  naturally  produce  their  own 
alterations. 

The  great  interest  excited  by  the  enormous  amount  of  uric  acid 
frequently  found  in  the  urine  in  acute  lymphatic  leukemia  has  led  to 
investigation  of  other  forms  of  leukemia,  and,  as  a  consequence,  more 
exact  estimations  have  been  made  in  late  years. 

Magnus-Levy,  who  reviewed  the  whole  subject  a  short  time  ago  and 
added  investigations  of  his  own,  shows  that  the  relations  between  the 
excretion  of  uric  acid  and  the  number  of  leukocytes  in  the  blood,  are 
very  irregular.  Great  differences  are  found  at  different  periods  in  the 
same  case,  and  at  the  same  stages  in  different  cases ;  in  other  words, 
great  and  small  amounts  of  uric  acid  are  found  with  both  high  and  low 
leukocytic  counts.  Yet,  in  this  question  particularly  careful  attention 
has  not  been  bestowed  on  the  morphologic  separation  of  the  different 


1  Contrib.  from  the  Wm.  Pepper  Lab.  of  Clin.  Med.,  1900. 
^Zeit.f.  klin.  Med.,  18M. 


3  Virch.  Arch.,  1898. 
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leukemias.  Further,  the  difference  in  the  amount  of  nuelein  in  the 
different  varieties  of  white  blood-corpuscles  recognized  by  all  observers 
forcibly  suggests  the  reason  for  these  variations. 

For  the  same  reason  the  scanty  data  on  the  excretion  of  nitrogen  as 
urea,  as  xanthin  bodies,  etc.,  are  not  available.  We  may  mention  that 
albumosuria  has  been  found  by  Kottnitz  and  v.  Noorden,  by  each  iu 
1  case.  Further,  v.  Noorden  found  large  amounts  of  nucleo-albumin 
in  2  cases  of  myeloid  leukemia. 

Among  the  abnormal  non-nitrogenous  substances,  v.  Noorden 
observed  in  1  case  a  transitory  excretion  of  acetic  acid. 

Among  the  inorganic  substances  phosphorus  is  particularly  note- 
worthy. Yet  though  phosphoric  acid  has  been  found  in  large  amounts 
in  the  urine  in  acute  lymphatic  leukemia,  the  literature  fails  to  show 
whether  this  is  true  also  of  myeloid  leukemia. 

[Taylor  ^  found  in  3  cases  marked  increase  of  neutral  sulphur  in  the 
urine.     The  interpretation  of  this  condition  is  uncertain. — Ed.] 

Among  the  organic  alterations  attracting  the  attention  of  the  inves- 
tigator, the  enlargement  of  the  spleen  stands  out  most  conspicu- 
ously. Very  often  this  is  the  direct  or  indirect  cause  of  the  patient 
consulting  the  physician,  and  even  on  the  first  examination  an  enormous 
enlargement  is  frequently  found.  Cases  are  not  at  all  rare  in  which 
the  spleen  extends  to  the  right  a  half-hand's  breadth  beyond  the  middle 
line  and  downward  almost  to  the'  symphysis,  apparently  resting  on  the 
left  brim  of  the  pelvis.  The  abdomen  is  distended  and  is  entirely  out 
of  shape,  the  left  side  being  very  hard,  prominent,  and  the  right  com- 
pressible and  less  prominent.  The  abdominal  wall,  almost  devoid  of  fat, 
frequently  allows  the  superficial  surface  and  notched  border  of  the 
spleen  to  be  palpated.  As  a  rule,  the  spleen  is  extremely  hard,  but 
rarely  it  is  soft.  In  1  case  of  Ehrlich's  it  was,  in  places,  diffluent.  Dry 
friction  rales,  corresponding  to  the  respiration,  are  frequently  heard  on 
auscultation  over  different  areas  or  even  over  its  whole  extent. 

Though  in  tlie  majority  of  cases  of  myeloid  leukemia  the  splenic 
tumor  is  the  most  striking  clinical  symptom,  it  is  by  no  means  always 
present.  For  instance,  Litten  mentions  a  case  in  whicli  the  spleen  was 
only  very  slightly  ("  ganz  minimal  ")  enlarged. 

Though  transitory  reductions  of  1-2  cm.  in  breadth  and  length  are 
observed  after  the  organ  has  reached  a  considerable  size,  complete  retro- 
gression of  the  enlargement  occurs  onlv  exceptionally.  Such  a  case  was 
recently  described  by  Kraus  in  which  all  the  symptoms  togetiier  with 
the  splenic  tumor,  disappeared  under  the  influence  of  an  infcclious  disease. 
'  Oontrib.  from  the  Wm,  Pepper  Lab.  of  Clin.  Med.,  I'JOO. 
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Swelling  of  the  lymph  glands  is  observed  much  less  fre- 
quently than  the  splenic  tumor.  The  distribution  of  the  aflPected  glands 
holds  no  relation  to  that  seen  in  lymphatic  leukemia,  in  fact,  from  the 
reports  accessible,  they  seem  more  common  in  the  inguinal  and  axillary 
regions  than  in  the  neck,  the  site  of  predilection  in  the  latter.  We 
sometime?;,  too,  find  enlargement  of  the  lingual  follicles,  the  tonsils 
and  the  salivary  glands.  The  skin  over  the  swollen  glands  is  neither 
hyperemic  nor  adherent,  palpation  is  not  painful. 

We  must  mention  also  several  symptoms  pi'oduced  by  the  impal- 
pable internal  granular  tumors.  On  account  of  the  unlimited  diver- 
sity in  localization,  it  would  naturally  be  impossible  to  enumerate  all 
the  resulting  conditions,  consequently  we  are  constrained  to  recall  only 
the  more  frequent.  Pressure  on  the  large  vascular  trunks  may  lead  to 
stasis  in  almost  any  organ,  and  general  stasis  may  be  produced  by 
pressure  on  the  largest  vessels  due  to  swelling  of  the  mediastinal  glands. 
Compression  of  a  bronchus  may  produce  marked  disturbances  of  res- 
piration, as  well  as  anomalies  evident  to  percussion  and  auscultation. 
According  to  F.  A.  Hoffmann,  paralysis  of  the  recurrent  nerve,  due  to 
pressure,  has  been  observed.  Leukemic  infiltration  of  the  larynx  has 
produced  stenosis  (Laache),  and  also,  through  compression  of  the 
esophagus,  dysphagia.  The  development  of  lymphomata  has  been  the 
cause  of  disturbances  of  nerves,  and  their  development  in  the  orbit, 
the  cause  of  exophthalmos  (Laache). 

Isolated  cases  of  myeloid  leukemia  run  their  course  without  en- 
largement of  either  external  or  internal  lymph  glands. 

The  liver  is  frequently  enlarged  to  palpation.  Its  surface  is 
smooth,  its  consistence  firm. 

Circulatory  symptoms  peculiar  to  this  disease  have  not  been 
observed.  Symptoms  described  under  the  different  forms  of  anemia — 
irritability  of  the  heart,  hemic  murmurs,  hydropericardium,  are  natu- 
rally found  in  cases  accompanied  by  severe  grades  of  anemia. 

Marked  hyperemia  of  the  large  and  small  abdominal  veins  is  seen 
as  a  result  of  the  enormous  distention  of  the  abdomen.  In  late  stages 
we  find  a  more  or  loss  marked  edema  of  the  lower  extremities. 

Respiratory  symptoms  are  manifest  in  the  majority  of  cases. 
Dyspnea  is  usual  and  may  be  jM'oduced  by  compression  of  the  lungs 
and  bronchi,  through  enlargement  of  the  spleen  and  glands.  The  dis- 
turbances of  the  circulation  also  lead  to  disturbances  of  bronchial  secre- 
tion and  thereby  to  obstinate  bronchitis.  According  to  F.  A,  Hoff- 
mann, the  sputum  shows  in  all  cases  enormous  numbers  of  eosinophile 
cells.     Serous  or  hemorrhagic  exudations  may  be  found  in  the  pleural 
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cavity  as  the  result  of  severe  stasis,  or  the  latter  as  the  result  of  a 
general  hemorrhagic  diathesis.  Examination  of  the  exudate  in  1  case 
by  Ehrlich  showed  all  the  morphologic  elements  of  the  blood  to  be 
present. 

The  digestive  organs  are  variously  afiected.  The  appetite  is 
frequently  influenced,  through  the  feeling  of  fulness  produced  by  the 
enlargement  of  the  spleen  and  liver.  With  this  anorexia,  nausea, 
eructation,  and  sometimes  persistent  vomiting  are  associated.  Laache 
reports  intense  thirst  in  several  cases.  When  the  ingestion  of  nourish- 
ment remains  unimpaired,  the  normal  weight  is  preserved  for  months, 
which  would  indicate  that  the  functions  of  the  stomach  and  intestine, 
as  well  as  assimilation,  are  not  disturbed. 

Sometimes  a  transitory  hindrance  to  the  taking  of  nourishment  is 
produced  by  a  severe  stomatitis,  associated  with  hemorrhages  and 
ulceration  of  the  gums. 

Diarrhea  is  very  frequent.  It  is  sometimes  mild  and  transitory, 
but  again  extremely  severe  and  obstinate,  and  leads  to  rapid  loss  of 
strength.  The  stools  are  sometimes  simply  diarrhetic  in  character, 
though  again  contain  blood.  In  the  latter  cases,  the  most  careful  die- 
tetic and  remedial  regulations  are  often  insufficient  to  control  the  intes- 
tinal hemorrhage. 

[As  bearing  upon  the  gastro-intestinal  symptoms  it  may  be  recalled 
that  ulceration  in  the  gastro-intestinal  tract  has  been  noted  by  many 
writers.  Sauudby  ^  reports  2  instances,  1  of  them  being  fatal  and 
showing  at  autopsy  healed  ulcers  in  the  intestines,  and  1  irregular 
superficial  ulcer  that  had  not  healed. — Ed.] 

In  conclusion  we  must  mention  the  ascites  which  frequently  occurs, 
especially  toward  the  termination  of  the  disease.  IMilchner  examined 
the  cellular  constituents  of  the  fluid  and  found  that,  as  in  Ehrlich's  pleural 
exudate,  all  varieties  of  white  blood-corjiuscles  were  present,  though 
mast  cells  predominated  to  the  extent  of  almost  50  per  cent. 

Skin. — The  skin  of  a  well-developed  case  is  usually  dry,  lusterless, 
pale  and  shows  an  inclination  to  all  forms  of  exanthemata,  erythema, 
acne,  furunculosis,  and  urticaria.  In  lymphatic  leukemia  the  skin  is 
very  frequently  the  seat  of  lymphomatous  tumors,  in  myeloid  leu- 
kemia this  is  by  no  means  so  frequent,  yet  several  times  if  Ii.is  \\vv\\ 
observed.  For  instance,  Hindenburg  found  in  one  of  his  cases  a  (innor 
the  size  of  an  apple  in  the  skin  of  the  thigh. 

As  in  cachectics  generally,  severe  sweating  is  comtnon  in  the  late 
stages  of  myeloid  leukemia.  This  increases  still  more  the  suscejtti- 
1  Brit.  Med.  Jour.,  Jan.  5,  1900. 
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bility  of  the  skin  to  various  diseases,  and  aids  in  the  production  of 
general  prostration. 

The  central  nervous  system  has  been  found  variously  affected 
in  leukemia,  and  we  have  very  thorough  descriptions  (even  though  few 
in  number)  of  the  symptoms.  In  the  literature  that  we  have  seen, 
all  the  descriptions  referred  to  lymphatic  leukemia  ;  a  detailed  study 
of  the  symptoms,  therefore,  in  myeloid  leukemia  is  lacking.  Still, 
we  can  assume  that  the  symptoms,  produced  by  hemorrhage  into  or 
degeneration  of  the  nerves,  are  quite  as  frequent  and  as  severe  as  in 
lymphatic  leukemia.  Though  the  alterations  dependent  on  infiltration 
and  tumor  formation  are  much  more  rare  in  myeloid  leukemia  since,  as 
has  been  previously  explained,  there  is  much  less  tendency  to  "  metastasis." 

The  same  is  true  of  the  clinical  symptoms  referable  to  the  organs 
of  special  sense.  Some  of  the  functional  alterationH  in  the  eye,  as 
well  as  those  seen  with  the  ophthalmoscope,  correspond  to  those  found 
in  severe  anemias  (see  this  volume,  p.  474).  They  are  the  result 
of  the  hemorrhagic  diathesis  and  are  found  especially  in  those  cases 
manifesting  a  severe  hemorrhagic  character.  Since  anemia  is  by  no 
means  the  rule  in  myeloid  leukemia,  and  frequently  reaches,  at  most, 
a  slight  grade,  many  cases  show  no  ocular  disturbances.  The  white 
and  whitish-yellow,  sometimes  elevated  spots  on  the  retina,  described  by 
ophthalmologists  in  leukemia,  belong  as  far  as  we  can  see  to  lymphatic 
leukemia,  and  are,  from  an  anatomic  standpoint,  to  be  regarded  as  round- 
cell  infiltrations  or  mere  extravasations  (Schmidt-Rimpler).  Sticker 
observed  in  1  case  of  myeloid  leukemia  clouding  of  the  vitreous,  large 
extravasations  of  blood,  swelling,  and  clouding  of  ^he  papilla,  and  an 
extensive  detachment  of  the  retina  of  one  eye. 

Communications  in  regard  to  disease  of  the  ear  are  less  frequent. 
[Steinbriigge  and  Pepper  long  ago  referred  to  deafness  as  among  the 
occasional  symptoms  of  leukemia. — Ed.]  We  owe  to  Schwabach  a 
complete  presentation  of  this  subject.  Subjective  noises,  symptoms  of 
vertigo,  disturbances  of  hearing  to  complete  deafness  in  both  ears,  are 
noted  not  very  rarely,  even  though  in  the  very  great  majority  of  cases 
no  aural  complications  were  observed.  During  life  hyperemia  of  and 
hemorrhage  into  the  tympanum  and  into  the  external  meatus  have 
been  seen  in  several  cases. 

As  to  the  sexual  organs,  priapism  is  especially  frequent  (see  Sticker's 
case).  With  increasing  cachexia  the  loss  of  potentia  virilis  naturally  occurs. 
In  advanced  stages  there  is  complete  cessation  of  the  menses.  Yet,  in 
the  recent  literature,  several  cases  have  been  described  in  which  women 
with  well-developed  leukemia  conceived  and  went  through  a  normal  labor. 


PATHOLOGIC  ANATOMY. 


The  autopsy  findings  in  myeloid  leukemia  diflPer  scarcely  at  all  to 
the  naked  eye  from  those  in  lymphatic  leukemia,  excepting  in  the  bone- 
marrow.  We  shall  content  ourselves,  therefore,  with  a  brief  descrip- 
tion, referring  for  fuller  details  to  that  in  the  previous  section. 

We  find,  as  a  rule,  a  severe  general  anemia,  and  in  many  organs 
more  or  less  extensive  hemorrhages.  According  to  the  autopsy  reports, 
the  brain  and  spinal  cord  seem  to  be  the  particular  sites  for  hemor- 
rhages, even  in  those  cases  in  which  intra  vitam  not  the  slightest  clinical 
symptom  was  evident.  Next  in  order  we  find  the  retina  the  most  fre- 
quent seat  of  hemorrhages,  and  following  this  the  serous  membranes 
and  the  skin. 

The  blood,  post  mortem,  shows  such  a  peculiar  appearance,  even 
macroscopically,  that  Virchow  was  led  to  the  diagnosis  of  a  particular 
disease  and  derived  the  name  from  it.  The  classical  description  given 
by  Virchow  in  this  first  case  may,  therefore,  be  given:  "The  heart 
was  filled  to  distention  with  large  greenish -yellow  clots  loosely  attached 
to  each  other  which  broke  up  under  the  touch,  were  not  adherent  to  the 
walls,  and  appeared  like  hardened  pus.  Similar  coagula  were  found  in 
the  aorta,  the  large  arteries  and  veins,  and  the  veins  of  the  lower  ex- 
tremities. Thin-walled  veins  looked  exactly  like  canals  filled  with  pus. 
The  surface  of  the  heart  and  cerebral  membranes,  the  veins  of  which 
were  markedly  distended  by  their  pus-like  contents,  seemed  to  be 
covered  with  solid  yellowish-white  cords.  The  contents  were  free  in 
the  vessels  and  the  walls  were  in  no  way  altered."  The  changes  in  the 
blood  are  not  so  marked  in  all  cases,  in  fact  some  come  to  section  show- 
ing the  blood  brownish  red  or  brown,  with  the  pus-like  clots  occurring 
only  in  specks. 

Another  blood  finding  in  myeloid  leukemia  is  Charcot-I^cyden  crys- 
tals. According  to  Neumann  they  occur  regularly  and  cxohisivoly  in 
this  form  of  leukemia. 

(For  the  appearance  of  the  l)lood-cells,  see  the  clinical  section.) 

According  to  Neumann's  thorough  investigations,  the  orgiin  which 
even  to  the  naked  eye  differentiates  myeloid  from  lymphatic  leukemia, 
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is  the  bone-marrow.  As  far  back  as  1869,  Neumann  taught  that 
in  the  cases  of  leukemia  in  whicli  the  mononuclear  and  polynuclear 
leukocytes  of  the  blood  are  characterized  by  their  size  and  their  pecu- 
liar protoplasm,  the  bone-marrow  shows  pyoid  characteristics.  It  is 
pus  yellow  in  color,  becomes  red  after  exposure  to  the  air,  and  is  soft 
though  tenacious. 

This  alteration  of  the  bone-marrow  is  not  found  in  every  case  in  all 
bones,  but  principally  in  the  sternum  and  long  tubular  bones.  Mosler 
described  a  case  in  which  the  whole  skeleton  showed  such  a  condition 
"  exactly  like  that  seen  in  suppurative  osteomyelitis." 

The  microscopic  examination  of  the  bone-marrow  shows  a  picture 
very  similar  to  that  seen  intra  vitam  in  the  blood. 

Charcot-Leyden  crystals  are  also  very  numerous  in  the  bone- marrow, 
though  here  they  represent  a  normal  finding. 

From  what  has  been  said,  therefore,  it  is  evident  that  the  bone- 
marrow  shows  the  same  differentiation  of  the  two  leukemias  post 
mortem  as  the  blood  intra  vitam. 

The  spleen  shows,  macroscopically,  very  different  conditions  in  the 
different  forms  of  leukemia.  In  the  very  great  majority  of  cases  of 
myeloid  leukemia  it  develops  to  immense  size,  so  that  its  weight  may 
reach  8  or  even  10  kg.  In  both  myeloid  and  lymphatic  leukemia  this 
enlargement  usually  represents  a  simple  hyperplasia  of  the  organ.  The 
capsule  is  thickened  and  in  many  places  adherent  to  the  neighboring 
organs.  The  larger  the  tumor  and  the  longer  the  disease  has  existed, 
the  harder  the  organ.  If  the  duration  of  the  disease  was  compara- 
tively short,  the  spleen  may  contain  considerable  blood,  but  after  a  very 
chronic  course  it  is  apt  to  be  dry.  On  section  the  follicles  are  not  con- 
spicuous.    The  connective  tissue  is  considerably  increased. 

If  cover-glass  preparations  are  made  from  the  teased  spleen,  we  find 
numerous  elements  belonging  to  bone-marrow  tissue  which  are  never 
seen  either  normally  or  in  lymphatic  leukemia. 

This  myeloid  metamorphosis  of  the  spleen  was  first  remarked 
by  Ehrlich,  and  since  then  it  has  been  frequently  described  as  a  char- 
acteristic finding  in  myeloid  leukemia.  Whether  it  is  diff*use  or  cir- 
cumscribed has  yet  to  be  shown  by  further  investigations,  though  we 
expect  this  to  be  decided  shortly  on  account  of  the  method  described 
by  Benda,  of  staining  the  neutrophile  granules  in  sections. 

It  may  be  mentioned  here  that  very  recently  a  myeloid  transforma- 
tion of  the  spleen  and  lymph  glands  has  been  observed  in  other  condi- 
tions than  myelemia.  Frese,  for  example,  described  a  case  of  carcinoma 
of  the  bone-marrow  in  which  a  myeloid  metamorphosis  of  the  spleen 
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was  evident,  and  he  is  inclined  to  see  in  this  a  vicarious  action  of  the 
spleen  in  order  to  make  up  for  the  disturbed  function  of  the  bone- 
marrow.  Dominici  investigated  this  subject  experimentally,  and  suc- 
ceeded in  producing  or  finding  a  myeloid  metamorphosis  of  the  spleen 
in  guinea-pigs  in  different  conditions — namely,  during  pregnancy,  post- 
hemorrhagic anemia,  after  infection  with  bacillus  typhosus,  and  experi- 
mental tuberculosis. 

We  are  not  yet  in  a  position  to  explain  fully  the  significance  and 
manner  of  origin  of  this  myeloid  change,  yet  it  is  practically  beyond 
doubt  that  the  enormous  increase  of  bone-marrow  cells  in  the  blood  is 
to  be  referred  in  part  to  a  proliferation  in  this  newly  developed  myeloid 
tissue. 

Apart  from  the  occurrence  of  this  myeloid  tissue  in  the  spleen,  we 
are  completely  in  the  dark  about  the  nature  and  significance  of  the 
splenic  tumor  in  myeloid  leukemia. 

What  has  been  said  in  regard  to  the  spleen  is  applicable  to  both  the 
peripheral  and  visceral  lymph  glands.  According  to  Virchow,  their 
enlargement,  which  may  vary  in  extent  and  distribution  in  different 
cases,  represents  pure  hyperplasias  associated  with  connective-tissue 
overgrowth.  A  myeloid  metamorphosis  is  also  frequently  found  which 
indicates  the  participation  of  the  glands  in  the  overproduction  of  bone- 
marrow  cells. 

Corresponding  to  the  description  of  the  clinical  symptoms,  the 
liver  is  found  considerably  enlarged  in  a  great  number  of  cases.  This 
is  usually  the  result  of  a  pure  hyperplasia  of  the  liver  tissue.  Yet 
how  far  a  lymphomatous  development,  such  as  is  seen  in  lymphatic 
leukemia,  may  be  responsible  can  not  be  said  on  account  of  the  lack 
of  properly  investigated  material.  Virchow  expressly  insists  that  his 
cases  were  lymphatic  leukemia. 

It  is,  moreover,  extremely  diificult  from  the  autopsy  rej)orts  at  hand 
to  decide  how  far  the  general  tendency  to  lymphomatosis,  charac- 
teristic of  lymphatic  leukemia,  is  present  in  myeloid  leukemia.  Yet 
it  seems  to  me  certain  that  the  tendency  exists  in  a  mucli  less  degree  in 
this  disease,  even  though  it  has  been  described  in  several  well-autiicnti- 
cated  cases. 

Apart  from  the  alterations  produced  in  other  organs  by  llio  aneniia, 
hemorrhages,  etc.,  we  find  but  few  deviations  from  the  normal  wliich 
can  be  brought  into  relation  with  the  leukemia.  We  may  mention,  for 
instance,  the  absolutely  negative  finding  in  the  respiratory  organs,  even 
in  cases  in  which  the  patient  has  been  tormented  for  months  by  severe 
dyspnea  and  violent,  almost  uncontrollable  coughing  spells.     On  the 
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part  of  the  heart,  Ehrlich  mentions  the  discovery  of  an  ulcerative  endo- 
carditis, though  its  dependence  on  the  leukemia  is  not  evident.  Cor- 
responding to  the  severe  diarrheas  frequently  observed  during  life, 
diphtheritic  ulcers  of  the  intestine,  especially  the  large  intestine,  are 
sometimes  found. 

Excited  by  the  observations  in  progressive  pernicious  anemia,  in- 
vestigations of  the  central  nervous  system  have  been  made  in 
leukemia,  several  of  which  (Nonne)  pertain  to  myeloid  leukemia.  In 
1  case  a  more  or  less  advanced  acute  myelitis  was  found  irregularly 
distributed  over  circumscribed  areas,  together  with  sclerosis  of  isolated 
foci  in  the  posterior  columns. 

On  the  part  of  the  kidneys  we  may  mention  the  uric-acid  deposits, 
which  undoubtedly  stand  in  very  close  relation  to  the  disease. 

The  findings  in  the  eye  correspond  to  those  seen  with  the  ophthal- 
moscope and  described  in  the  symptomatology. 

From  Schwabach's  previously  quoted  investigations  it  appears  that 
the  ear  is  frequently  affected  in  leukemia.  The  great  majority  of  cases 
studied  by  him,  which,  however,  were  principally  lymphatic  leukemia, 
showed  hemorrhages  or  their  results,  or  lymphocytic  accumulations. 
The  lesions  are  found  in  the  external  and  middle  ear,  though  even 
more  commonly  in  the  nervous  apparatus  of  the  organ. 


COURSE  AND  DURATION.    PROGNOSIS. 


The  disease  begins  insidiously,  and  all  the  cases  reported  so  far  came 
into  the  hands  of  the  physician  only  after  all  the  symptoms  were  well 
developed.  Even  at  this  time,  as  previously  stated,  the  general  condi- 
tion of  the  patient  may  be  very  good.  Moreover,  without  any  im- 
provement in  the  leukemic  symptoms,  in  fact  even  when  they  continue 
to  increase  in  intensity,  the  patient's  strength  may  be  preserved  for 
months  or  years.  True,  sometimes  even  in  the  early  stages,  severe 
accidents  happen  unexpectedly  or  death  itself  may  occur  as  the  result 
of  a  severe  hemorrhage  or  cerebral  apoplexy.  The  fatal  termination 
occurs,  as  a  rule,  early,  when  severe  anemia  and  a  rapid  diminution  of 
strength  is  produced  by  persistent  hemorrhage,  fever,  or  diarrhea.  The 
exitus  lethalis  then  occurs  under  symptoms  of  general  marasmus,  severe 
subjective  disturbances  of  every  kind,  and  various  complications,  like 
pleurisy,  peritonitis,  and  general  anasarca.  In  some  cases  severe  cere- 
bral symptoms,  like  delirium,  maniacal  paroxysms  or  coma,  act  as  the 
forerunners  of  approaching  death. 

Yet,  even  when  apparently  far  advanced,  we  sometimes  ob.serve  a 
retrogression  of  the  severe  symptoms  and  a  renewal  of  the  strength, 
for  instance,  the  proportion  of  whites  to  reds  becomes  more  favorable, 
the  enlargement  of  the  different  organs,  especially  the  spleen,  retro- 
gresses, the  fever  ceases,  nourishment  improves,  strength  returns,  and 
some  patients  are  even  able  to  take  up  again  a  strenuous  occupation. 
These  variations  in  the  severity  of  the  symptoms  occur  reiieatediy  in 
individual  cases,  just  as  they  are  apt  to  do  in  every  disease  running  a 
chronic  course.  Yet  they  are  not  to  be  compared  with  the  complete 
disappearance  of  the  symptoms  which  we  occasionally  see  in  ]>rogres- 
sive  pernicious  anemia,  for  the  myeloid  leukemia  always  continues  to 
be  evident  in  the  blood,  eVen  when  the  subjective  and  the  objective 
symptoms  become  decidedly  less  marked. 

The  literature  so  far  shows  no  case  of  myeloid  leukemia  accurately 
observed  which  ran  an  acute  course.  Almost  all  the  cases  of  acute 
leukemia  were  lymphemias,  and  the  majority  described  as  myeloid  leu- 
kemia are  to  be  explained  by  the  confusion  of  the  large  lyni[)hcx;ytes 
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with  the  large  mononuclear  leukocytes.  Cabot's  2  cases  alone,  which 
have  been  previously  mentioned  on  account  of  their  relation  to  each 
other  (seep.  648),  seem  to  be  true  myelemia.  [Billings  and  Capps^ 
contribute  a  valuable  article  on  acute  myelogenous  leukemia,  reporting 
1  case  under  their  own  observation.  They  review  the  literature  very 
thoroughly,  referring  first  of  all  to  the  cases  of  acute  leukemia  collected 
by  Friinkel  up  to  1895,  and  to  the  conclusion  of  this  author  that  all 
cases  of  acute  leukemia  are  lymphatic.  A  number  of  authors  have 
recently  objected  to  this  view.  Billings  and  Capps  have  collected  7 
instances  of  acute  myelogenous  leukemia  besides  their  own  and  2 
others  which  are  rather  doubtful.  Among  the  conclusions  drawn  from 
the  analyses  of  these  8  cases  are  the  following  :  The  disease  begins 
abruptly  like  an  infection.  In  4  there  was  an  inflammation  of  the 
throat  and  in  3  a  necrosis  of  the  jaw  or  palate.  In  6  the  glands  were 
moderately  enlarged,  the  cervical  group  usually  being  affected.  The 
spleen  was  felt  in  every  case,  but  in  only  2  did  it  extend  more  than  a 
finger's  breadth  below  the  ribs.  Hemorrhages  were  present  in  every 
case  in  which  the  history  was  obtained  and  irregular  fever  was  usually 
present.  Severe  and  rapidly  developed  anemia  is  the  rule,  but  irregu- 
larity of  the  red  cells  is  less  conspicuous  than  in  pernicious  anemia. 
The  white  cells  number  from  16,000  to  540,000;  the  average  being 
much  below  that  of  chronic  myelogenous  leukemia.  The  diagnosis 
must  be  made  from  the  following  conditions  : 

1.  Chronic  myelogenous  leukemia  with  an  acute  exacerbation  (Rei- 
mann).  The  history  and  the  great  enlargement  of  the  spleen  are  the 
principal  distinguishing  points.  2.  Lymphatic  leukemia,  complicated 
by  an  intercurrent  infection  (Hirschlaff).  The  presence  of  polynuclear 
cells  in  abundance  and  the  small  number  of  myelocytes  furnishes  the 
distinction.  3.  Acute  lymphatic  leukemia  with  predominance  of  large 
mononuclear  cells.  The  absence  of  myelocytes  is  the  principal  distin- 
guishing feature.  4.  Acute  infections  with  grave  and  rapid  anemia, 
and  with  the  presence  of  nucleated  red  cells  and  myelocytes.  Leube 
reports  such  a  case  and  thought  it  due  to  irritation  of  the  bone-marrow. 
The  white-blood  count  is  generally  lower  than  in  leukemia.  5.  Ex- 
acerbations of  pernicious  anemia.  Prior  examination  of  the  blood 
would  furnish  the  distinction.  Billings  reported  a  case  in  which  the 
leukocytes  numbered  34,000  two  days  before  death,  and  there  were  29.4 
per  cent,  of  myelocytes.  6.  Tumors  of  the  bone-marrow  and  the 
enormous  number  of  nucleated  red  cells.  The  chronic  course,  gradual 
anemia,  and  small  number  of  myelocytes  characterize  such  cases. 
'  Amer.  Jour,  of  the  Med.  Sciences,  Sept.,  1903. 
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In  studying  these  cases  there  is  always  difficulty  in  separating  large 
mononuclear  cells  from  the  myelocytes.  A  rule  which  the  author  has 
adopted  was  to  consider  as  myeloid  cells  any  large  mononuclear  cells 
seen  in  association  with  large  numbers  of  myelocytes  of  the  same  size, 
when  many  of  the  mononuclears  showed  indistinct  granulations. 

Turck^  reports  a  case  of  acute  myeloid  leukemia  with  green  color 
of  the  bone-marrow.  The  patient  was  a  man  who  had  previously  been 
healthy,  but  during  six  months  had  grown  pallid  and  had  suffered  from 
hemorrhages  from  the  gums.  Following  this  there  was  a  rapid  increase 
in  the  severity  of  his  general  condition.  There  were  ecchymoses  under 
the  skin  and  conjunctiva,  and  a  hemorrhagic  neuroretiuitis.  The  spleen 
was  moderately  enlarged.  The  blood  examination  showed  1,000,000 
red  cells  without  morphologic  change,  and  19  per  cent,  of  hemoglobin. 
The  leukocytes  numbered  40,000,  of  which  40  per  cent,  were  myelo- 
cytes, 32  per  cent,  polynuclears,  and  15  per  cent,  lymphocytes.  The 
anemia  increased  and  death  ensned  without  the  development  of  fever. 
The  essential  lesion  found  at  the  autopsy  was  a  diffuse  grass-green 
coloration  of  the  marrow  in  the  vertebral  ribs,  steriiuin,  the  proximal 
portion  of  both  femurs,  and  a  preparation  from  the  marrow  showed  it 
composed  almost  entirely  of  neutrophile  myelocytes. — Ed.] 

In  spite  of  the  indefiniteness  of  its  beginning,  we  can  say  that  the 
entire  duration  of  the  disease  is  at  least  six  months.  As  a  rule  it  lasts 
longer  than  a  year.  In  one  case  described  by  Virchow  and  in  another 
by  Hindenburg  it  lasted  four  years. 

The  prognosis  is  absolutely  unfavorable.  Not  one  of  the  cases 
mentioned  in  the  earlier  literature  as  cured  will  stand  the  tests  neces- 
sary to  the  diagnosis  of  myeloid  leukemia.  We  must,  therefore,  say 
that  myeloid  leukemia  is  incurable.  It  leads  to  death  in  a  compara- 
tively short  time  despite  all  therapeutic  measures. 
^  Deutsch.  med.   WocL,  No.  22,  1903. 


COMPLICATIONS. 


We  have  seeu  that  myeloid  leukemia  readily  draws  into  participa- 
tion, principally  by  hemorrhage  and  enlargement,  other  structures 
besides  the  blood  and  blood-making  organs.  Moreover,  what  is  not  sur- 
prising in  such  a  chronic  affection,  other  diseases  may  be  added  which 
have  no  relation  to  the  leukemic  process  per  se,  but  arise  only  on 
account  of  the  favorable  soil  created  by  it.  We  may  mention  espe- 
cially phthisis  pulmonum,  endocarditis,  nephritis,  amyloid  disease  of 
the  liver  and  kidneys,  and  diabetes. 

[Eisner  and  Groat '  report  a  case  of  leukemia  complicated  by  the 
development  of  tuberculosis.  With  the  appearance  of  the  tubercular 
manifestations,  the  number  of  leukocytes  diminished  and  the  neutro- 
phile  cells,  and  lymphocytes  increased  proportionately  while  the  myelo- 
cytes showed  a  corresponding  decrease.  A  case  similar  to  this  was 
reported  by  Sturmdorf,^  who  called  especial  attention  to  the  fact  that 
there  was  a  change  in  the  proportion  of  myelocytes  and  neutrophile- 
cells  during  the  febrile  attacks  to  which  the  patient  was  liable.  In 
these  cases  the  tubercular  process  involved  the  larynx  as  well  as  the. 
lungs.  Hirschfeld  and  Tobias  report  a  third  case,  and  have  collected 
10  cases,  not  including  that  of  Sturmdorf,  making  a  total  of  12  cases- 
so  far  reported.  In  their  own  case  the  number  of  leukocytes  dimin- 
ished, though  not  so  markedly  as  in  others,  at  the  onset  of  the  tuber- 
cular trouble.  Neither  was  there  the  striking  change  in  the  leukocytic' 
count. — Ed.] 

These  complications  excite  but  little  interest.  Still,  we  are  attracted 
by  the  peculiar  influences  exerted  by  acute  infectious  diseases  on  the 
leukemic  process.  Several  cases  of  myeloid  leukemia  have  been  de- 
scribed in  which  all  the  symptoms  of  the  disease  markedly  imj)roved 
under  the  influence  of  an  acute  infectious  disease.  These  cases  were- 
seen  in  complication  with  phthisis  pulmonum,  influenza,  sepsis,  and 
erysipelas.  Erysipelas  especially  has  shown  a  very  peculiar  modifying 
influence  on  the  whole  disease.  For  instance,  among  others,  Richter 
described  a  case  in  which  a  decrease  in   the  number  of  white   blood- 

'  Amer.  Jour,  of  the  Med.  Sciences,  March,  1901.  *  Ibid.,  August,  1901. 
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corpuscles  from  380,000  to  29,100  took  place  immediately  after  an 
outbreak  of  erysipelas.  The  general  condition  also  improved  consider- 
ably, the  fever  ceased,  and  nutrition  became  better. 

The  most  pronounced  case  of  this  kind  was  recently  described  by 
E.  Kraus.  In  this  case  a  complete  retrogression  of  all  the  leukemic 
symptoms,  even  those  of  the  blood,  followed  the  appearance  of  a  circum- 
scribed erysipelas.  The  erysipelas  led  to  a  subacute  diplococcus  and 
streptococcus  infection,  an  old  tuberculosis  became  generalized,  and 
the  patient  died  about  a  month  after  "  cure "  of  the  leukemia.  At 
autopsy,  apart  from  a  moderate-sized  tumor  of  the  spleen,  there  was  no 
anatomic  sign  of  the  leukemia ;  even  the  portion  of  the  bone-marrow 
examined  was  found  normal. 

Acute  infectious  diseases  may  likewise  change  the  picture — especially 
the  blood  finding — in  an  opposite  way,  namely,  by  the  production  of  a 
marked  leukocytosis,  which  completely  transforms  for  a  time  the  pre- 
viously pure  leukemic  picture. 

Nothing  decisive  can  at  present  be  stated  in  regard  to  the  relation 
of  myeloid  to  lymphatic  leukemia,  particularly  as  to  the  possibility  of 
transition  of  one  into  the  other.  Such  a  transition  has  been  several 
times  asserted,  yet  so  far  we  have  no  positive  evidence  from  an  accurate 
morphologic  analysis  of  the  blood  in  the  different  stages. 

Thus,  for  instance,  a  frequently  quoted  assertion  of  v.  d.  Weys  says  that 
he  found  in  one  case  of  positive  myeloid  leukemia  at  the  beginning  of  July, 
65.5  per  cent,  myelocytes,  and  in  August  and  September  96.3  per  cent, 
mononuclear  non-granular  white  blood-corpuscles,  which  he  believed  to  be 
lymphocytes.  From  the  observer's  description,  however,  there  is  no  evi- 
dence contrary  to  the  assumption  that  this  96.3  per  cent,  of  mononuclear 
non-granular  cells  represents  entirely  or  partially  the  ordinary  large  mono- 
nuclear leukocytes  (Naegeli's  "myeloblasts").  In  fact,  this  picture  may 
have  represented  a  process  observed  in  severe  anemias,  namely,  complete 
disappearance  of  the  neutrophile  granules  under  the  influence  of  general 
marasmus. 

For  the  relations  of  progressive  pernicious  anemia  to  leukemia  sug- 
gested by  Litten,  see  p.  304. 


DIAGNOSIS. 


For  the  diagnosis  of  a  disease  which  is  differentiated  from  others 
only  by  the  appearance  of  the  blood,  the  microscope  is  an  absolute 
essential.  A  further  essential  is  the  dried  stained  preparation  in  order 
to  differentiate  the  various  granulated  and  non-granulated  cells,  espe- 
cially the  large  mononuclear  leukocytes  and  lymphocytes. 

Yet,  it  can  not  be  denied  that  in  advanced  cases  the  examination 
of  the  fresh  unstained  blood  may  be  sufficient  to  make  a  diagnosis,  not 
only  of  leukemia,  but  even  the  kind  of  leukemia.  With  experience 
we  can  learn  to  differentiate  the  various  granulations  even  in  unstained 
blood,  after  we  have  been  taught  their  appearance  in  stained  specimens. 
Yet,  in  obscure  cases  requiring  a  more  careful  study  of  the  individual 
white  blood-corpuscles,  the  dried  preparation  and  a  triacid  stain  or  an 
equivalent  are  essential. 

The  statement  of  all  the  points  in  the  diagnosis  would  require  a 
repetition  of  what  has  been  thoroughly  discussed  in  the  general  part 
(p.  125),  and  in  the  Special  Symptomatology  (p.  649).  AVe  will,  there- 
fore, content  ourselves  with  a  brief  review  of  the  most  important 
things  necessary  for  a  practical  diagnosis,  and  refer  for  further  study 
to  the  two  chapters  named. 

Independently  of  other  clinical  symptoms,  the  following  are  neces- 
sary for  a  diagnosis  of  myeloid  leukemia  : 

1.  Tlie  granular  mononuclear  leukocytes  (Ehrlich's  myelocytes) 
must  constitute  a  considerable  number  of  all  the  white  blood-cells. 
Their  appearance  in  the  blood  is  always  somewhat  abnormal,  yet  in 
non-leukemic  cases,  even  when  their  j^ercentage  is  moderately  high, 
their  absolute  number  is  small,  in  fact  far  below  the  smallest  numbers 
ever  observed  in  myeloid  leukemia.  The  diagnostic  significance  of 
these  cells,  therefore,  is  greater,  the  greater  the  deviation  of  W.  :  R. 
from  the  normal. 

2.  The  eosino])hile  mono-  and  polynuclear  cells  must  be  consider- 
ably increased.  Their  percentage  may  not  be  greater  than  a  high 
normal  (3—4  per  cent.),  yet  their  actual  number  per  cubic  millimeter  is 
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incomparably  greater  than  in  the  most  marked  cases  of  pure  eosino- 
philia  yet  observed. 

3.  The  mast  cells  must  show  a  great  absolute  increase. 

4.  Nucleated  red  blood-corpuscles  of  especially  normoblastic  tyjie 
must  be  readily  found. 

"With  these  qualitative  alterations  of  the  morphologic  elements  of 
the  blood,  the  diagnosis  of  leukemia  is  assured.  Yet,  Ehrlich's  re- 
quirement must  not  be  forgotten,  namely,  that  all  of  these  character- 
istics must  be  present  simultaneously. 

[Referring  to  the  difficulty  in  diagnosis  of  leukemia  from  the  mor- 
phology, Lipowski  ^  refers  to  a  case  of  carcinoma  of  the  bowel  with 
marked  leukocytosis  and  pronounced  anemia.  The  white  cells  were 
present  in  a  proportion  of  1  :  18  of  the  red.  Nucleated  red  corpus- 
cles and  myeloblasts  were  found,  and,  in  the  absence  of  a  tumor  or 
glandular  swelling,  a  diagnosis  of  leukemia  was  made.  The  condition 
of  the  blood  he  attributes  to  secondary  metastasis  in  the  bone-marrow 
and  recalls  the  case  of  Nothnagel,  in  which  the  picture  of  lymphatic 
leukemia  resulted  from  lymphosarcoma  metastases  in  the  bone-marrow. 
In  his  own  case  the  white  cells  were  neutrophilic,  not  a  single  non- 
granular cell  or  eosinophile  being  found.  It  is  evident  that  Ehrlich's 
strict  requirements  were  not  fulfilled  in  this  case. — Ed.] 

As  is  evident  from  the  data  given  under  the  symptomatology,  the 
simple  quantitative  estimation  of  the  proportion  of  whites  to  reds  which 
was  previously  considered  as  the  only  essential,  is  not  sufficient.  For, 
in  the  first  place,  there  are  cases  of  genuine  myeloid  leukemia  in  which 
the  proportion  of  W.  :  R.  was  very  high  ;  for  instance,  1  :  200  (v.  Noor- 
den)  and  in  the  second,  there  are  cases  of  simple  neutrophile  leukocy- 
tosis in  which  \V.  :  R.  showed  a  decided  decrease  1  :  50,  1  :  30,  1  :  l25, 
1  :15. 

In  the  same  way  the  purely  clinical  symptoms  have  boon  proven 
insufficient  for  a  diagnosis.  The  enlargement  of  the  sploon  and  lymj)h 
glands,  the  tenderness  of  the  bones,  the  hemorrhages  are,  it  is  true, 
adapted  to  aid  in  the  proper  diagnosis,  yet  nothing  can  be  proven  by 
them.  In  this  connection  it  is  worth  while  recalling  the  case  mentionod 
several  times  previously,  which  presented  the  characteristic  blood- 
picture  without  one  of  these  gross  clinical  symptoms. 

Finally,  therefore,  the  examination  of  the  blood  is  the  only  oritorion 
in  the  diffisrentiation  of  all  the  conditions  which  sliow  a  similarity  in 
their  general  clinical  symptoms  with  leukemia,  as  severe  anemia,  septio 
processes,  intermittent  fever,  etc. 

'  Deutsch.  vied.  Woch.,  May  24,  1000. 
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A  negative  blood-finding,  however,  is  to  be  viewed  with  caution 
when  there  is  the  sHghtest  suspicion  that  an  intercurrent  disease ;  as,  for 
example,  sepsis  may  be  masking  the  leukemia.  For,  as  the  case  described 
on  p.  671  shows,  the  picture  of  myeloid  leukemia  may  thus  be  completely 
obliterated.  Still,  in  most  cases  one  or  more  of  the  cardinal  symptoms 
always  remain  recognizable  to  strengthen  or  awaken  the  suspicion  of 
myelemia,  though  even  then  a  positive  diagnosis  may  only  be  made 
after  the  transit  of  the  complication. 


TREATMENT. 


The  discussion  of  the  therapy  unfortunately  consists  only  in  the 
enumeration  of  the  futile  attempts  to  do  something.  In  this  regard 
there  is  not  the  slightest  difference  between  lymphatic  and  myeloid 
leukemia,  and  we  may  refer,  therefore,  to  the  chapter  on  the  former 
(see  p.  613). 

Still,  on  account  of  the  much  greater  frequency  of  the  splenic  tumor 
in  myeloid  leukemia,  we  wish  to  expressly  state  that  splenectomy  as  a 
therapeutic  measure  is  not  to  be  considered.  In  fact,  the  operation  itself 
has  resulted  in  death  in  the  majority  of  cases  due  either  to  the  immense 
size  of  the  tumor  or  fatal  hemorrhage.  Yet,  even  when  the  operation 
was  without  fatality,  not  the  slightest  influence  was  produced  on  the 
course  of  the  disease.  Further,  all  the  theoretical  considerations  in 
regard  to  the  significance  of  the  splenic  tumor  are  absolutely  against 
splenectomy ;  consequently  recent  writers  (F.  Kraus,  Braun,  et  al.)  are 
justified  in  placing  leukemia  among  the  contra-indications  to  splenectomy. 

Expectations  that  remedial  measures  will  be  found  for  leukemic 
conditions  are  based  on  the  favorable  influence  of  intercurrent  diseases 
(see  p.  670).  Experiments  in  this  connection  must  be  directed  to  the 
finding  of  weak  infections  or  intoxications  capable  of  checking  the 
leukemic  process  without  endangering  the  life  of  the  patient.  The 
experiments  made  so  far,  however,  have  unfortunately  proved  futile. 

[The  editor's  experiments  with  vaccination  have  proved  the  futility 
of  this  procedure. — Ed.] 

X-ray  Treatment. — Some  remarkable  results  have  been  achieved 
by  the  x-ray  treatment  of  pseudoleukemia  and  leukemia. 

Pusey  ^  reported  a  case  of  pseudoleukemia  symptomatically  cured, 
and  a  little  later  Williams  ^  reported  3  cases  1  of  which  showed  remark- 
able improvement. 

The  same  year,  Senn^  reported  2  cases  symptomatically  cured. 
Dunn*   reported   a   similar   case  in  which,  after  a  year's  interval,   no 

*  Jour.  Amer.  Med.  Assoc,  1902,  p.  911. 
"  The  Rontgen  Rays  in  Med.  and  Surg.,  Ist  edition. 

» New  York  Med.  Jour.,  1903,  p.  665.  *  Inlernat.  Jour,  of  Surg.,  1903,  p.  315. 
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recurrence  was  observed.  Rodman  and  Pfahler  ^  reported  4  cases  under 
treatment,  all  of  them  improving.  Butler  ^  reported  2  cases  with  marked 
improvement.     Childs^  recorded  1  case  improved. 

The  literature  of  the  treatment  of  leukemia  is  less  extensive.  Senn* 
reported  the  apparent  cure  of  a  case  of  myelogenous  leukemia.  The 
blood  examinations  were  not  made  with  sufficient  detail,  but  there  was 
an  evident  diminution  in  myelocytes  and  in  the  volume  of  the  spleen. 
One  of  the  cases  reported  by  the  same  author^  as  pseudoleukemia 
seems  to  have  been  leukemia.  The  number  of  leukocytes  in  this  case 
was  230,000  per  c.mm.,  of  which  78.75  per  cent,  were  small  lympho- 
cytes and  14.25  per  cent,  large  mononuclear  lymphocytes.  Both  this 
case  and  the  other  of  pseudoleukemia  reported  by  Senn  were  in  good 
health  on  March  20,  1904,  according  to  a  letter  from  Senn  to  Grosh  and 
Stone.  The  case  of  myelogenous  leukemia  reported  by  Senn  was  on  the 
same  date  again  under  treatment,  having  suffered  a  moderate  relapse. 

Grad  ^  reported  a  case  with  improvement.  The  details,  however,  are 
imperfectly  recorded.  E.  J.  Brown  '^  reported  an  instance  of  myelogen- 
ous leukemia  symptomatically  cured.  The  blood  examination  at  the 
beginning  of  treatment  showed  2,600,000  red  corpuscles,  800,000 
white  corpuscles.  The  differential  count  of  the  latter  being  polymor- 
phonuclear 40  per  cent.,  myelocytes  40  per  cent.,  eosinophiles  8  per 
cent.  The  hemoglobin  was  65  per  cent.  The  spleen  extended  from 
the  seventh  rib  to  two-fingers  breadth  below  the  umbilical  line.  Arsenic 
and  iron  were  administered,  and  ^--ray  treatment  applied  to  the  splenic 
region  twice  weekly.  After  two  months,  the  leukocytes  fell  to  58,000 ; 
later  they  increased  to  129,000,  and  again  decreased  to  44,360.  Two 
months  later,  they  numbered  7,894 ;  the  red  corpuscles  4,690,000,  the 
hemoglobin  was  95  per  cent.  The  patient's  weight  increased  to  normal. 
The  albuminuria  which  was  present  during  the  treatment  disappeared. 
Dermatitis  had  been  present  once  or  twice  over  the  splenic  region 
during  the  treatment.  There  were,  however,  no  toxemic  symptoms  nor 
any  rise  of  temperature  such  as  occurred  in  Senn's  case.  Dock  ^  sug- 
gested that  an  accidental  infection  might  have  something  to  do  with  the 
result  of  the  treatment.     Grosh  and  Stone  ^  reported  a  case  in  which 


1  Phila.  Med.  Jour.,  1903,  p.  971. 

^Louisville  Monthly  Jour,  of  Med.  and  Surg.,  1903,  p.  463. 

'  Med.  New.%  1904,  p.  145. 

*  Med.  Record,  Aug.  22,  1903. 

*iVew  York  Med.  Jour.,  April  25,  1903. 

''Jour.  Adv.  Therap.,  Jan.  1904,  p.  30. 

''Jour,  of  Amer.  Med.  Assoc,  March  26,  1904. 

8  Ibid.,  April,  1904.  « Ibid.,  July  2,  1904. 
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during  June  the  average  blood-count  was  2,G00,000  red  corpuscles, 
940,000  leukocytes,  and  45  per  cent,  hemoglobin.  In  July  the  average 
was  3,600,000  red  corpuscles,  620,000  leukocytes,  and  64  per  cent, 
hemoglobin.  The  following  November  the  leukocytes  were  175,000, 
the  hemoglobin  70  per  cent.  In  December,  135,000  leukocytes,  65  per 
cent,  hemoglobin.  In  January,  2,600,000  red  corpuscles,  211,000  leu- 
kocytes, 60  per  cent,  hemoglobin.  In  February,  the  count  was  practi- 
cally the  same.  During  all  of  this  time  there  was  a  higli  percentage 
of  myelocytes,  the  range  being  from  27.9  to  52  per  cent.  The  eosino- 
philes  ranged  from  2.5  to  8,5  per  cent.  Arsenic  treatment  was  insti- 
tuted in  June,  1903,  the  exact  quantities,  however,  not  being  stated. 
A''-ray  treatment  was  begun  February  21st,  and  during  the  treatment 
small  doses  of  arsenious  acid  were  taken  internally.  The  subsequent 
blood-counts  were  as  follows:  March  10th,  2,507,000  red,  52,600 
white,  55  per  cent,  hemoglobin.  March  18th,  14,918  leukocytes. 
March  22nd,  after  20  treatments,  3,578,780  red  corpuscles,  11,480 
leukocytes,  70  per  cent,  hemoglobin.  At  this  time  the  treatment  was 
stopped  on  account  of  a  general  erythematous  eruption.  The  spleen 
was  somewhat  smaller.  March  26th,  the  leukocytes  numbered  11,360. 
April  10th,  10,600.  During  this  same  period  the  myelocytes  declined 
from  21  per  cent.,  on  March  10th,  to  2  per  cent.,  and  the  spleen  de- 
creased considerably  in  size.  At  this  time,  the  patient  suddenly  failed 
in  strength  and  died  from  general  asthenia.  There  had  been  extensive 
a;-ray  burns,  which,  however,  were  healing  nicely  and  there  was  na 
evidence  of  general  toxemia.  An  autopsy  was  made  and  the  usual 
characters  of  the  leukemic  organs  were  recognized. 

George  Dock  ^  has  published  a  complete  review  of  the  subject  of 
R5ntgen-ray  treatment  of  leukemia,  based  upon  the  study  of  the  reports 
of  29  cases.  Several  other  cases  are  referred  to  indirectly  in  the  lit- 
erature but  could  not  be  tabulated.  Two  cases  of  acute  lymphatic 
leukemia  were  treated,  and  both  died,  1  too  early  after  the  treiitment 
was  begun  to  have  any  bearing  on  the  effects  of  the  treatment.  Tiie 
case  reported  by  Capps  and  Smith  died  within  ten  days,  and  should 
also,  in  Dock's  opinion,  be  excluded  from  serious  cimsideration. 
There  is,  however,  nothing  better  to  olf(T.  Of  chronic  lymj)liatic'  cases, 
there  were  5,  of  which  that  of  Senn,  reported  in  April,  1903,  was  still 
living  in  March,  1904,  though  reported  as  dead  in  Ca|)ps  and  Smith's 
table.  In  the  other  chronic  lymphatic  cases  the  results  were  unilonnly 
encouraging,  even  when  the  ultimate  outcome  was  a  fatal  one.  There 
were  21  cases  of  mixed-celled  myologenous  or  splenomedullary  leu* 
*  American  Medicine,  Dec.  24,  1904. 
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kemia.  Some  of  these  cases  were  treated  for  too  short  a  time  to  receive 
serious  consideration.  In  11  of  the  patients,  the  leukocytes  fell  to 
normal  or  near  it.  In  7  other  cases,  the  reduction  was  less  marked, 
the  number  at  the  conclusion  of  the  treatment  being  still  such  as  to 
suggest  leukemia.  In  a  number  of  the  cases  marked  improvement  of 
a  qualitative  character  occurred,  as  shown  by  the  disappearance  of 
myelocytes  or  the  reduction  in  their  proportions.  The  effect  of  the 
treatment  on  the  number  of  red  corpuscles  was  favorable,  again  occur- 
ring in  all  but  1  of  12  myelogenous  cases.  Nucleated-red  corpuscles 
often  disappeared,  and  the  hemoglobin  usually  increased  with  the 
number  of  red  corpuscles.  The  effects  of  the  treatment  on  the  spleen 
and  glands  was  most  striking.  In  all  of  the  chronic  cases  the  glands 
diminished  and  sometimes  have  reached  the  normal  size,  and  a  similar 
reduction  in  the  size  of  the  spleen  was  observed. 

A  complete  reduction  of  the  enlarged  spleen  can  not,  however,  be 
always  expected,  as  the  amount  of  connective  tissue  may  prevent 
shrinkage  to  this  point.  Dock,  however,  states  that  he  can  not  assume 
with  some  writers  that  in  no  case  of  leukemia  has  the  spleen  reached  a 
normal  size  under  the  treatment.  In  some  cases  there  was  marked 
improvement  in  the  patient's  general  condition,  though  the  blood- 
picture  was  not  conspicuously  altered. 

Technic  of  Treatment. — Some  of  the  patients  were  treated  only 
over  the  spleen  ;  others  over  the  spleen,  epiphyses  of  the  bones,  or  the 
long  bones  themselves,  and  the  sternum.  None  of  the  cases  were  treated 
over  the  bones  alone.  Dock  states  he  is  making  some  observations  in 
this  direction,  though  with  disappointing  results.  The  length  of  ex- 
posure has  been  about  the  same  in  different  cases.  Ten  to  twenty 
minutes'  exposure  in  one  place,  or  a  total  exposure  of  about  that  dura- 
tion in  different  places  have  been  most  frequent.  The  treatments  have 
been  given  every  day,  every  other  day,  or  at  longer  intervals.  It  is 
impossible  to  estimate  the  dosage  of  the  treatment,  and  the  effects  on 
the  patient  have  usually  been  the  factor  governing  the  applications. 

Duration  of  the  Treatment. — The  length  of  time  in  which  the 
leukocytes  were  reduced  to  the  normal  in  the  favorable  cases  varied 
from  a  month  up  to  six  months. 

Unfavorable  Results. — The  treatment  has  been  found  dangerous  on 
account  of  the  risk  of  dermatitis  and  burns,  and  probably  also  on 
account  of  certain  toxic  results  as  yet  impossible  to  explain. 

Conclusions. — Dock  concludes  that  under  this  treatment  some  cases 
undergo  marked  change  for  the  better ;  in  other  cases  the  effects  are 
imperfect  or  developing.     In  no  case  has  the  treatment  been  carried 
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out  long  eDough  to  speak  of  a  cure.  The  action  of  the  Rontgen  rays 
is  probably  upon  the  tissues  that  produce  the  pathologic  leukocytes, 
either  directly  or  through  the  production  or  setting  free  of  substances 
that  influence  cell  formation,  degeneration,  chemotaxis,  or  all  of  these 
processes. 

No  stronger  claim  can  be  made  for  this  treatment  than  for  arsenic 
and  certain  serums  or  bacterial  toxic  substances,  but  it  may  prove  more 
certain  in  its  action  than  arsenic,  and  can  be  more  readily  applied  in 
practice  than  the  injection  methods.  No  special  directions  can  be  laid 
down  for  the  treatment,  but  great  care  must  be  taken  to  avoid  burns. 
—Ed.] 
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symptomatology,  155,  157 

transfusion  in,  175 
intravenous,  176 

treatment,  172 
dietetic,  179 
remedial,  181 

urine  in,  164 

water  increase  in,  157 
chronic,  187 
subacute,  187 
primary,  245 
progressive  pernicious,  227 

absorption  in,  272 

acetonuria  in,  266 

achylia  gastrica  in,  271,  287 

Addison's  disease  and,  differentiation^ 
315 

after  childbirth,  238 

after  debility,  239 

after  hemorrhages,  239 

after  labor,  238 

after  other  diseases,  240 

after  pregnancy,  238 

age  and,  232 

albumin  in  blood  in,  260 
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Anemia,   progressive   pernicious,  albumin- 
ous decomposition  in,  264 

albuminuria  in,  265 

anadenia  in,  286 

anemia  of  internal  organs  in,  281 

antistreptococcus  serum  in,  317 

aplastic  anemia  and,  difPerentiation, 
313 

appetite  in,  270 

ai-senic  in,  320 

arteries  in,  284 

atrophy  of  gastro-intestinal  wall  in, 
286 

atrophy  of  stomach  in,  287 

auditory  nerve  in,  280 

Biermei-'s  discourse  on,  227 

blood  in,  247 
albumin  in,  260 
anomalies,  303 
coagulability,  261 
color,  248 
crisis,  253 
dry  substance,  260 
granular  deposits  in,  254 
punctate  deposits  in,  254 
quantity,  247 
specific  gravity,  260 
stained,  254 
transfusion  of,  in  treatment,  318 

blood-serum  in,  260 

blood-vessels  in,  284 

bone-marrow  aplasia  in,  298 

bone-marrow  in,  294 

bone-marrow  treatment  in,  317 

bone-marrow  tumors  and,  differenti- 
ation, 313 

bothriocephalus  anemia  and,  234 

brain  in,  274,  291 

cacodylic  acid  in,  322 

carcinoma  of  stomach  and,  differen- 
tiation, 315 

causation,  232 

central  nervous  system  in,  273,  291 

cerebral  functions  in,  274 

circulatory  apparatus  in,  268 

complications,  308 

conditions  stimulating,  314 

course,  229,  300 

definition,  227 

degeneration  in,  fatty,  282 

diaceturia  in,  266 

diagnosis,  309 
differential,  314 


Anemia,  progressive  pernicioiLS,  diazo  reac- 
tion in,  266 
diet  in  treatment,  323,  324 
differential  diagnosis,  314 
digestive  tract  in,  270,  284 
dura  mater  in,  291 
duration,  300,  304 
ear  in,  post-mortem,  294 
edema  in,  263 

endocarditis  and,  differentiation,  314 
eosinophiles  in,  259 
etiology,  232 
eye  in,  278 

post  mortem,  293 
fatty  degeneration  in,  282 
feces  in,  272 

in  diagnosis,  314 
felix  mas  in,  316 
fever  in,  266 

Fowler's  ai-senic  solution  in,  321 
from  atrophic  processes  in  intestine, 

242 
from  bone-marrow  clianges,  244 
from  bothriocephalus  latus,  234 
from  carcinoma  of  stomach,  242 
from  gastro-intestinal  diseases,  242 
from  intestinal  disturbances,  242 
from  stomach  diseases,  242 
from  syphilis,  241 
from  tumors  of  gastro-intestinal  tract, 

242 
gastric  glands  in,  285 
gastric  juice  in,  271 
gastric  pains  in,  271 
gastro-intestinal  tract  in,  270,  284 
Grautiei-'s  cacodylic  treatment,  322 
gigantoblastic  degeneration  in,  296 
gigantoblasts  in,  252 

in  diagnosis,  310 
gigantocytes  in,  250 
gray  matter  in,  292 
hearing  in,  280 
heart  in,  268,  282 
heart  valves  in,  283 
hematuria  in,  265 
hemoglobin  in,  248,  249 
hemolymjjh  nodes  in,  290 
hemorrhages  in,  263 

internal,  2S1 

into  spinal  cord  in,  202 
honionhagic  diadiesis  in,  291 

hydrotliorax  in,  315 
heredity  and,  233 
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Anemia,  progressive  pernicious,   Hunter's 

theory,  245 

treatment,  317 
hyperalbuminemia  rubi'a  in,  260 
hyperleukoeytosis  in,  259 
in  childliood,  233 
in  pregnancy,  Gusserow's  treatment, 

318 
incurable  nature,  306 
indicanuria  in,  287 
infectious  origin,  245 
internal  organs  in,  281 
intestinal  activity  in,  272 
intestines  in,  285 
iron  in,  323 

in  internal  organs  in,  281 

in  liver  in,  281 
karyokinetic  figures  in,  253 
kidneys  in,  284 
leukocytes  in,  256 

in  diagnosis,  312 

moi"phologic  changes,  259 

number,  256 
leukocytosis  in,  256 
liver  in,  273,  290 
lungs  in,  284 
lymph-glands,  273 
lymphocytes  in,  258 
macrocytes  in,  250 
massage  in,  324 

megaloblastic  degeneration  in,  296 
megaloblasts  in,  252 

in  diagnosis,  310 
megalocytes  in,  250 
meningitis  and,  diffisrentiation,  315 
menstruation  in,  273 
mesenteric  glands  in,  290 
metabolism  in,  264 
microcytes  in,  255,  257 
muscles  in,  282 

myeloblastic  degeneration  in,  296 
myeloid    leukemia  and,    differentia- 
tion, 668 
myocardium  degeneration  in,  283 
nature  of  disease,  324 
nephritis  with,  308 
nervous  system  in,  273,  291 
neutrophiles  in,  polynuclear,  259 
nitrogen  excretion  in,  264 
normoblasts  in,  252 

in  diagnosis,  312 
nutritive  condition  in,  264 
occurrence,  232 


Anemia,   progressive   pernicious,   odor  of 
person  in,  263 
olfactory  nerve  in,  280 
organotherapy  in,  317 
origin,  232 

oxygen  inhalations  in,  323 
pai-alysis  in,  spinal,  275 
pathologic  anatomy,  280 
peripheral  nerves  in,  276,  293 
peritoneum  in,  272 
pessary  forms  in,  250 
phosphorus  in,  323 
pia  mater  in,  291 
pleui-a  in,  284 
postmortem  symptoms,  281 
pregnancy  with,  314 
prognosis,  300,  306 
pulse  in,  270 
quinin  in,  323 

red  corpuscles  in,  diameter,  310 
granules,  254 
number,  248 

polychromatophilic      degenera- 
tion, 255 
punctate,  303 
size,  250,  310 
remissions,  301 

respiratory  apparatus  in,  270,  284 
retina  in,  278 
salol  in,  317 
sclerosis  in,  spinal,  276 
sense  organs  in,  278 
sensitiveness  of  tongue  in,  270 
sex  and,  232 
sexual  organs  in,  273 
siderosis  in,  281 
simple  anemia  and,  239 
skeleton  lesions  in,  294 
skin  in,  262 
smell  in,  280 

speech  disturbances  in,  274 
spinal  afiections  and,  differentiation, 

315 
spinal  cord  in,  275,  292 
spinal  lesions  in,  clinical  symptoms 

and,  276 
spleen  in,  273,  291 
stomach  in,  285 

atrophy,  287 

carcinoma  of,  differentiation,  315 
symptoms,  228,  247 

initial,  300 

postmortem,  280 
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Anemia,  progressive  pernicious,  symptoms, 

spinal  lesions  and,  276 

subjective,  262 

tabetic,  275 
taste  in,  280 
tempei-ature  in,  266 
termination,  300,  304 
transfusion   of  blood   in   treatment, 

318 
treatment,  315 

antistreptococcus  serum  in,  317 

areenic  in,  320 

Ban's'  317 

bone-marrow  in,  317 

by  blood-transfusion,  318 

cacodylic  acid  in,  322 

causal,  315 

climatic,  323 

dietetic,  323,  324 

felix  mas  in,  316 

Fowler's  areenic  solution  in,  321 

Gautier's  cacodylic,  322 

Gusserow's,  318 

iron  in,  323 

massage,  324 

oxygen  inhalations  in,  323 

phosphorus  in,  323 

quinin  in,  323 

remedial,  320 

rouleaux  formation  in,  256 

salol  in,  317 
true,  237 

tuberculosis  with,  308 
tumore  of  bone-marrow  and,  differ- 
entiation, 313 
typlioid    fever   and,   differentiation, 

315 
tyrosin  in,  266 
uric  acid  in,  266 
urine  in,  265,  287 
urobin  in,  265 
veins  in,  284 
vomiting  in,  271 
weakness  in,  262 
white  matter  in,  292 
pseudopernicious,  pseudoleukemia  and, 
differentiation,  628 
quantity  of  blood  in,  18 
red  corpuscles  in,  48 

estimation,  fallacies,  25 
simple,  154 

chlorosis  and,  differentiation,  473 
chronic,  185 


Anemia,  simple  chronic,  absorption  in,  224 
albumin  in  blood  in,  213 
anemic  degeneration  in,  219 
appetite  in,  223 
arsenic  in,  226 
as  sequela,  194 
as  symptom,  194 
blood  in,  209 

albumin  in,  213 

alkalinity,  215 

amount,  209 

coagulability,  215 

color,  210 

dried  substance,  212 

freezing-point,  215 

globulin  in,  213 

iron  in,  214 

specific  gravity,  212 

staining  power,  210 
blood-platelets  in,  221 
blood-serum  in,  separation,  215 
bone-marrow  in,  225 
climatic  treatment,  226 
degeneration  of  red  cells  in,  219 
diagnosis,  225 
diet  in,  226 

digestive  organs  in,  223 
disease-picture,  222 
edema  in,  222 
eosinophiles  in,  220 
eosinophilia  in,  220 
freezing-point  of  blood  in,  215 
from  albuminuria,  197 
from  alcohol,  208 
from  ankylostoma  duodenale,  205 
from  arsenic,  208 
from  ascaris  lumbricoides,  204 
from  auto-intoxication,  200 
from  digestive  diseases,  199 
from  distoina  ha-matobium,  205 
from  eohinococcus,  205 
from  fever,  197 

from  iilaria  sanguinis  hominis,  205 
from  gastro-intestinal  diseases,  199 
from  helminthiasis,  203 
from  inanition,  187 
from  lactorrhoa,  196 
from  lead-poisoning,  208 
from  malaria,  201 
from  oxyuris  vcrmicularis,  204 
from  phosphorus,  208 
from  repeated  lietnorrhagos,  1S7 
from  spermatorrhea,  196 
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Anemia,  simple,  chronic,  from  syphilis,  201 
from  taenia  saj^iiiate,  207 
from  tobacco,  2u8 
from  toxins,  208 

of  tumors,  203 
from  tumors,  202 
from  unhygienic  conditions,  188 
from  worms,  203 
gastro-intestinal  diseases  in,  223 
globulin  in  blood  in,  213 
hemoglobin  decrease  in,  210,  218 
hemorrhages  in,  222 
hydrochloric  acid  decrease  in,  224 
hydrotherapy  in,  226 
impure  air  as  cause,  194 
in  suppuration,  195 
insufficient    nourishment  as    cause, 

189 
intestines  in,  224 

motor  functions,  224 
iron  decrease  and,  192 
iron  in  treatment,  226 
iron  percentage  in,  214 
irritable  weakness  in,  222 
leukocytes  in,  220 
light  as  cause,  193 
metabolism  in,  223 
muscular  weakness  in,  222 
oligochromemia  in,  219 
origin,  187 
pessary  forms  in,  219 
poikilocytosis  in,  219 
polychromatophilic  degeneration  in, 

219 
red  corpuscles  in,  counting,  211 
degeneration,  219 
morphologic  changes,  218 
shape,  219 
size,  219 
skin  in,  222 
stomach  in,  224 
symptoms,  209,  221 
temperature  elevation  and,  198 
toxins  and,  198 
treatment,  225 

climatic,  226 

dietetic,  226 

medical,  226 

water  in,  226 
tuberculin  and,  198 
progressive  pernicious  anemia  and,  239 
secondary,  237 
small  red  cells  in,  50 


Anemia,  splenic,  leukopenia  in,  138 
vascular,  210,  225 

Angioparesis  in  chlorosis,  396 

Angiospasm  in  chlorosis,  390 

Ankylostoma    duodenale,    simple    chronic 
anemia  from,  205 

Ankylostomiasis,  eosinophilia  in,  114 

Ankylostomum    duodenale,   chlorosis  and, 
diagnosis,  472 
eosinophilia  in,  113 

Antiserum  in  estimating  quantity  of  blood, 
19 

Antistreptococcus  serum  in  progi'essive  per- 
nicious anemia,  317 

Aorta  in  chlorosis,  386 

Aplasia,  bone-marrow,  in   progressive  per- 
nicious anemia,  298 

Aphonia  in  chlorosis,  hysteric,  404 

Arsenic  in  chlorosis,  498 
in  chronic  leukemia,  615 
in  progressive  pernicious  anemia,  320 
in  pseudoleukemia,  637 
in  simple  chronic  anemia,  226 
simple  chronic  anemia  from,  208 

Arteries  in  chlorosis,  396 

in  progressive  pernicious  anemia,  284 

Ascaris  lumbricoi'des,  chlorosis  and,  diagno- 
sis, 472 
simple  chronic  anemia  from,  204 

Ascites  in  myeloid  leukemia,  661 

Asthma,  bronchial,  eosinophilia  in,  113 

Atony  of  stomach  in  chlorosis,  414 

Atrophy  of  gastro-intestinal  wall  in  pro- 
gressive pernicious  anemia,  286 
of  intestine,  progressive  pernicious  ane- 
mia from,  242 
of    stomach    in    progressive     pernicious 
anemia,  287 

Auditory  nerve  in   progressive   pernicious 
anemia,  280 

Auto-intoxication,  chlorosis  from,  200 
simple  chronic  anemia  from,  200 

Autotransfusion   in  post-hemorrhagic  ane- 
mia, 175 

Barrs'  bone-marrow  preparation,  317 
Basedow's  disease  with  chlorosis,  464 
Basic  staining,  43 

stains  for  blood,  41 
Basophilic  granulations  of  red  coipuscles,  69 
Baths  in  prophylaxis  of  chlorosis,  481 

in  treatment  of  chlorosis,  carbonic  acid, 
490,  495,  496,  497,  520 
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Baths  in  treatment  of  chlorosis,  chalybeate, 
490,  495,  496,  497,  520 
cold,  519 
mineral,  520 
sweat,  522 
waiTQ,  520 
Benario's  fixative  for  dried  specimens,  39 
Bence-Jones  body  in  urine  in  chronic  leu- 
kemia, 593 
Benda's   lymphogonies   in   leukemia,   557, 
564 
myelogonies  in  leukemia,  557 
Beneke's  theory  of  chlorosis,  352 
Berberinum   for   appetite   in  chronic   leu- 
kemia, 616 
Bierfreund's    table   of    blood-regenei'ation, 

171 
Biernier's  anemia,  2'27.     See  also  Anemia, 

progressive  pernicious. 
Bioblastic  theory,  101 
Blackness  of  vision  in  chlorosis,  434 
Bleibtren's  determination  of   relative  vol- 
umes of  plasma  and  red  cells,  32 
Blik-Heiden  hematocrit,  32 
Blood  after  extirpation  of  spleen,  73 
after  splenectomy,  73 
alkali  in,  demonstration,  46 
alkalinity,  33 

Dare's  method,  217 
demonstration,  46 
in  simple  chronic  anemia,  215 
Lowy's  method  for,  215 
titration  method,  215 
anemic,  in  diagnosis  of  chlorosis,  470 
antiserum  in  estimating  quantity,  19 
bone-marrow  in  formation,  85 
carbon  monoxid  absorption  in  estimating 

quantity,  19 
coagulation,  33 

failure  of  serum  to  separate,  33 
in  progre&sive  pernicious  anemia,  261 
in  simple  chronic  anemia,  215 
coefficient  of  extinction,  369 
corpuscles.     See  Red  corpnscle.'i  and  Leu- 

kocytes. 
crisis,  56,  161,  375 

in  ]irogressive  pernicious  anemia,  253 
Deetjen's  examination,  141 
destruction,  151 
increased,  152 
dried   specimen,  alcohol    and    ether   as 
fixative,  38 
alcohol  as  fixative,  38 
44 


Blood,  dried  specimen,  Benario's  fixative,  39 
chemic  agents  as  fixatives,  38 
cover-glasses  for,  37 
dry  heat  as  fixative,  38 
ether  and  alcohol  as  fixative,  38 
fixation,  38 
formol  as  fixative,  39 
Mayers  apparatus  for  fixing,  38 
Nikiforofl''s  fixative,  38 
preparation,  37 
staining,  39.    See  also  Staining  dried 

specimen. 
technic  of  study,  36 
substance  of,  estimation,  31 
effects  on,  from  withdrawal  of  nourish- 
ment, 189 
examination,  17,  35 
flow  of,  in  estimating  quantity,  18 
formation,  47 

glycogen  in,  demonstration,  45 
granules,  95.     See  also  Cell-i/nuitdes. 
Haldane  and  Smith's  estimation,  19 
histology,  17,  47 
in  acute  leukemia,  91 
in  anemia,  color,  26 
in  chloroma,  577 
in  chlorosis,  367 
albumin  in,  382 
alkalinity,  384 
chemistry,  378 
chlorin  in,  382 
dry  substance  in,  378 
examination,  447 
fibrin  in,  382 
globulin  in,  382 
iron  in,  382 

phosphoric  acid  in,  382 
physics,  378 
potasli  in,  382 
sodium  chlorid  in,  382 
specific  gravity,  378 
in  lead-poisoning,  59,  60 
in  leukemia,  acute,  540,  572 

chronic,  587 
in  lympliatic  leukcmi;i,  93,  94 
in  myeloid  leukemia,  649 

(liarcot-Lcydcn  crystals  in,  654,  663 

coagulation,  653 

color,  652 

post  mortem,  663 

quantity,  652 

specific  gravity,  653 

uric  acid  in,  654 
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Blood   in   myeloid    leukemia,   xanthin   in, 
654 
in  post-liemorrhagic  anemia,  157 
in  progressive  pernicious  anemia,  247 
albumin  in,  260 
anomalies  in,  303 
coagulability,  261 
color,  248 

dry  substance  in,  260 
quantity,  247 
specific  gi-avity,  260 
stained,  254 
in  pseudoleukemia,  617,  619 
in  simple  chronic  anemia,  209 
albumin  in,  213 
alkalinity,  215 
amount,  209 
coagulability,  215 
color,  210 

dried  substance  in,  212 
freezing-point,  215 
globulin  in,  213 
iron  in,  214 

separation  of  serum,  215 
specific  gravity,  212 
staining,  210 
in  tumors  of  bone-marrow,  91 
loss  of,  fatal  amount,  156 
losses  in  chlorosis,  448 
morphology,  35 

myelemic  constituents  of,  origin,  135 
new  formation,  152 

rapidity,  171 
of  guinea-pig,  histology,  73 
quantity,  18 

antiserum  in  estimating,  19 
carbon  monoxid  absorption  and,  19 
flow  of,  in  estimating,  18 
Haldane  and  Smith's  estimation,  19 
mucous  membranes  as  indicatoi-s,  18 
Quincke's  estimation,  19 
skin  appearance  as  indicator,  18 
Smith  and  Haldane's  estimation,  19 
Tarchanf)ff's  estimation,  18,  19 
Quincke's  estimation,  19 
red  corpuscles  in,  20.     See  also  Red  cor- 
puscles. 
resisting  power,  1 51 
bodies  in,  ring,  61 
Smith  and  Haldane's  estimation,  19 
specific  gravity  of,  29.     See  also  Specijic 

fjrnrity  of  blood. 
stains.     See  Stains. 


Blood,  study  of  condition  of  blood-making 
organs  and,  299 
TarchanofF's  estimation,  18 
transfusion,  175 

in  treatment  of  progressive  pernicious 
anemia,  318 
withdrawal  of,  in  treatment  of  chlorosis, 
501 
Blood<lust,  142 
Blood-making   organs,  condition  of,  studj^ 

of  blood  and,  299 
Blood-platelets,  139 

clotting  and,  relations,  142 
counting,  139 
in  chlorosis,  378 
in  myeloid  leukemia,  652 
in  simple  chronic  anemia,  221 
origin,  141 

physiologic  function,  142 
significance,  140 
staining,  140 
Blood-serum  in  chlorosis,  albuminous  sub- 
stances in,  381 
in  chlorosis,  concentration,  381 

isotonic  value,  382 
in  myeloid  leukemia,  654 
in  progressive  pernicious  anemia,  260 
separation  of,  in  simple  chronic  anemia^ 
215 
Blood-vessels  in  progressive  pernicious  ane- 
mia, 284 
Bone-marrow  aplasia   in  progressive    per- 
nicious anemia,  298 
as  source  of  leukocytes,  85,  606 
of  lymphocytes,  606 
of  polynuclear  neutrophiles,  86 
of  red  corpuscles,  85 
changes  in,   progressive   pernicious  ane- 
mia from,  244 
extract  in  chionic  leukemia,  616 
functions,  90 
giant  cells  in,  87 
gigantoblasts  in,  92 

staining,  87 
in  acute  leukemia,  562,  567 
in  chloroma,  578 
in  chronic  leukemia,  586,  597 

microscopic  appearance,  603 
in  myeloid  leukemia,  664,  669 
in  post-hemorrhagic  anemia,  157,  163 
in  progressive  pernicious  anemia,  294 
in  pseudoleukemia,  619,  623 
in  simple  chronic  anemia,  225 
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Bone-marrow   in    treatment    of    chlorosis, 
503 
of  progressive  pernicious  anemia,  317 
leukocytosis  and,  89,  111 
lymphadenoid  titmsformation,  599 
lymphocytosis  and,  93,  94 
lymphoid,  in  leukemia,  568 
malignant  tumore,  91 
megaloblastic  degeneration,  57 
megaloblasts  in,  92 
metastatic  carcinoma  of  blood  in,  91 
non-granular  cells  in,  86 
replacement  of,  with  lymphatic  tissue,  91 

with  other  tissue,  93 
specific  granular  cells  in,  86 
tumore  of,  myeloid  leukemia  and,  differ- 
entiation, 668 
progressive  pernicious  anemia  and,  dif- 
ferentiation, 313 
Bothriocephalus    anemia,    234.      See  also 
Anemia,  bothriocephalus. 
latus,  anemia  from,  236 

chlorosis  and,  diagnosis,  472 
toxic  effects,  236 
Bouchard's  method  for  toxicity  of  urine, 
459 
theory  of  chlorosis,  353 
Brain  hemorrhage  in  leukemia,  553 

in   progressive   pernicious   anemia,  274, 
291 
Breakfast  for  chlorotics,  510 
Breasts  in  chlorosis,  development,  426 
Brodie    and    Russell's   fluid   for   counting 

blood-platelets,  140 
Bronchial  asthma,  eosinophilia  in,  113 
Bruit  de  diable  in  chlorosis,  399 
Bunge's  theory  of  chlorosis,  353 

Cacod^xic  acid  in  progressive  pernicious 

anemia,  322 
Calcium  chlorid  in  hemorrhage,  174 
Camphor,  eosinophilia  from,  117 
Cancer,  green,  576.     See  also  Chloroma. 

vert  d'Aran,  576.     See  also  Chloroma. 
Capillaries  in  chlorosis,  396 
Capillary  pycnometric  method  for  blood, 

Schmaltz's,  29 
Capps'   method  to  determine  bulk  of  red 

corpuscles,  310 
Carbolic  acid  in  chronic  leukemia,  616 
Carbon  dioxid  production  in  chlorosis,  443 

monoxid  absorption,  estimation  of  blood 
and,  19 


Carbonic  acid  baths  in  chlorosis,  490,  495, 
496,  497,  520 

in   chalybeate   watei-s,   490,   495,  496, 

497,  520 
gas,  production  of,  in  chlorosis,  443 
Carcinoma  of  bone-marrow,  metastatic,  91 
of  stomach,  progressive  pernicious  ane- 
mia and,  differentiation,  315 
progressivepei-niciousanemiadueto,242 
Caixiiac  dulness  in  chlorosis,  391 

murmurs  in  chlorosis,  391 
Cardialgia  in  chlorosis,  407 
Camiferrin    in    post-hemorrhagic  anemia, 

183,  184 
Cell  function,  granules  as  carriers,  101 
Cell-granules,  95 

Altmann's  freezing  method  for,  97,  98 
as  carriers  of  cell  function,  101 
combination  staining  for,  99 
description,  95 
differentiation  by  chemic  properties,  104 

of  varieties,  97 
Ehrlich's  method  for,  98 
form,  102 

freezing  method  for,  Altmann's,  98 
habitat,  103 

Koch's  examination  for,  97 
metabolic  origin,  100,  101 
neutral  red  stain  for,  98 
nutritive  function,  103 
of  different  species  of  animals,  102 
of  liver,  100 
of  mast-cells,  104,  105 
round,  100 
secretory  nature,  104 
separation  by  chemic  aflBnities,  97 

of  varieties,  103 
significance,  95 
size,  102 
specific,  97 

staining,  chemic  identity  and,  lOS 
combination,  99 
survival,  99 
vital,  98 
survival  staining,  99 
Iriacid  solution  for  slaining,  97 
vital  slaining,  i'S 
Central  nervous  system  in  chlorosis,  438'' 
in  chronic  leukemia,  592 
in  myeloid  loiikemia,  662,  (MMy 
in  post-hemorrhagic  anornia,  167 
in    progressive    pernicious   anemia,. 
273,  291 
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Cerebral  diseases,  chlorosis  and,  differenti- 
ation, 475 

nerves,  paralysis  of,  in  leukemia,  553 
Chalybeate  waters,    carbonic  acid   in,  490, 

495,  496,  497,  520 

in  treatment  of  chlorosis,  490,  495,  496, 
497,  520 
Charcot-Leyden  crystals  in  blood   in  mye- 
loid leukemia,  654,  i^ij'i 
in  bone-marrow  in  myeloid  leukemia, 
664 
Charrin's  theory  of  chlorosis,  355 
Chemic  staining,  40 
Chematoctic   theory   of    eosinophilia,  118, 

123 
Cheraotaxis,  107 

cells  elaborating  substance,  124 

negative,  107 

positive,  107 
Chenzinsky's  fluid,  44 
Chilblains  of  feet  in  chlorosis,  438 
Childbirth,  progressive   pernicious  anemia 

after,  238 
Chlorid  of  calcium  in  hemorrhage,  174 

of  sodium  in  hemorrhage,  173 
Chlorin  in  blood  in  chlorosis,  382 
Chloro-anemie  tuberculeuse,  405 
Chloro-Brightism,  462,  475 
Chlorolymphoma,  576.    See  also  Chloroma. 
Chloroma,  576 

age  and,  576 

blood  in,  577 

bone-marrow  in,  578 

diagnosis,  580 

etiology,  576 

exophthalmos  in,  577 

eye  in,  577 

green  color  of  tumors  in,  578 

hemorrhage  in,  retinal,  577 

histology,  579 

kidneys  in.  579 

lymph  glands,  579 

lymphatic  organs  in,  579 

orbital  swelling,  577 

pathologico-anatomic  changes,  578 

Peyei-'s  patches  in,  579 

prognosis,  580 

salivary  glands  in,  579 

sex  and,  576 

spleen  in,  579 

staining  in,  580 

symptoms,  576 

temporal  swelling  in,  577 


Chloroma,  treatment,  580 

Chlorose  tardive,  343 

Chlorosis,  abdominal  changes  in,  364 

organs  in,  position,  410 
absorption  of  food  in,  422 
achlorhydria  in,  417 
acne  in,  simplex,  437 

treatment,  526 
age  and,  342,  470 
albumin  in  blood  in,  382 

in  urine  in,  457 

metabolism,  444 

supply  in  prophylaxis,  480 
albuminuria  in,  457 
alcohol  in  treatment,  508 
ammonia  in  urine  in,  454 
anemia  and,  simple,  difierentiation,  473 

from  hemorrhage    and,  differentiation, 
474 

of  skin  in,  436 

rapid  improvement,  diagnosis  and,  471 
angioparesis  in,  396 
angiospasm  in,  396 
anchylostomum  duodenale  and,  diagnosis, 

472 
aorta  in,  386 
aphonia  in,  hysteric,  404 
appetite  in,  359 
ai-senic  in  treatment,  498 
arteries  in,  306 

ascaris  lumbricoides  and,  diagnosis,  472 
atony  in,  gastric,  414 
Basedow's  disease  with,  464 
baths  in  prophylaxis,  481 

in  treatment,   carbonic  acid,  490,  495, 
496,  497,  520 
chalybeate,  490,  495,  496,  497,  520 
cold,  519 

mineral,  490,  495,  496,  497,  520 
sweat,  522 
warm,  520 
Beneke's  theory,  352 
bill  of  fare  in  treatment,  510 
blackness  of  vision  in,  434 
blood  in,  367 

albumin  in,  382 

alkalinity,  384 

chemistry,  378 

chlorin  in,  382 

diagnosis  and,  470 

dry  substance,  378 

examination,  447 

fibrin  in,  382 
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Chlorosis,  blood  in,  globulin  in,  382 

iron  in,  382 

losses,  448 

mineral  substances  in,  382 

phosphoric  acid  in,  382 

physics,  378 

potash  in,  382 

sodium  chlorid  in,  382 

specific  gravity,  378 

withdrawal  of,  in  treatment,  501 
blood-platelets  in,  378 
blood-serum  in,  albuminous  substances  in, 
381 

concentration,  381 

isotonic  value,  382 
body-weight  in,  441,  445 
bone-marrow  in  treatment,  503 
bothriocephalns  latus  and,  diagnosis,  472 
Bouchard's  theory,  353 
breakfast  in,  510 
breast  development  in,  426 
bruit  du  diable  in,  399 
Bunge's  theory,  353 
capillaries  in,  396 

carbonic   acid   baths   in,  490,  495,   496, 
497,  520 
gas  production  in,  443 
cardiac  dulness  in,  391 

murmurs  in,  391 
cardialgia  in,  407 
central  nervous  system  in,  438 
cerebral  diseases  and,  difl'erentiation,  475 
chalybeate  watere  in,  490,  495,  496,  497, 

520 
chai-acteristics,  339 
Charrin's  theory,  355 
chilblains  of  feet  in,  438 
chlorin  in  blood  in,  382 
chorea  minor  in,  441 
chroniogen  excretion  in,  449 
chronic,  467 
Clark's  theory,  353 
Clement's  theory,  354 
clothing  in  etiology,  351 
coefficient  of  extinction  of  blood  in,  369 
cold  feet  in,  362 

hands  in,  362 

rubbings  in,  519 
colicky  pain  in,  407 
combustion  in,  443 
complications,  461 

accidental,  461 

prognosis,  469 


Chlorosis,  conjugate  sulphates  in  urine  in, 

421 
constipation  in,  360,  419 

diet,  516 

in  prophylaxis,  483 

treatment,  516 
corset  in  etiology,  351,  410 

in  prophylaxis,  483 
costalgia  in,  408 
coui-se,  365,  446 
Couturiei''s  theory,  353 
craving  for  acids  in,  408 
creatinin  in  urine  in,  455 
defecation  in,  419 
definition,  339 
determining  causes,  348 
diagnosis,  470 

age  and,  470 

anemia  from  hemorrhage  and,  474 
simple,  473 

anemic  blood  in,  470 

anchylostomum  duodenale  and,  472 

ascaris  lumbricoi'des  and,  472 

bothriocephalns  latus  and,  472 

cerebral  diseases  and,  475 

condition  of  patient  and,  471 

female  sex  and,  470 

genital  development  and,  471 

hyperplasia   of  vascular   system   and, 
476 

improvement  from  iron  and,  471 
of  anemia  and,  471 

intestinal  parasites  and,  472 

kidney  diseases  and,  475 

negative  features,  472 

nephritis  and,  475 

positive  features,  470 

pregnancy  in  unmarried  girls  and,  475 

sexual  development  and,  471 

taenia  mediocanellata  and,  472 
solium  and,  472 

tuberculosis  and,  472 
diastolic  murmui-s  in.  395 
diet  in  prophylaxis,  479 

in    treatment,  504.     See   also   Ditl   in 
treatment  of  chlornsis. 
digestive  org;vns  in,  359,  406 
dilation  of  stomach  in,  414 
dinner  in,  511 
dizziness  in,  treatment,  526 
doigt  mort  in,  3()3 
douches  in  treatment,  519 
Duclos'  theory,  353 
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Chlorosis,  Dunin's  theory,  354 
dyspepsia  in,  nervous,  406,  408 
ear  in,  4o3 

eating  in,  pain  after,  407 
eczema  in,  437 
edema  in,  402 

of  lids  in,  435 
emaciation  witli,  diet  in,  513 
epigastric  tenderness  in,  406 
etiology,  342 

eurythrol  in  treatment,  503 
exercise  and,  injudicious,  350 

in  prophylaxis,  481 

in  treatment,  517 
exudation  in,  437 
eye  in,  434 

fainting  in,  tieatnient,  526 
fats  in  prophylaxis,  479 

secretion,  437 
feces  in,  364 

color,  423 
fever  in,  460 
fibrin  in  blood  in,  382 
Forchheimei"'s  tlieory,  353 
fresh  air  in  prophylaxis,  481 
from  auto-intoxiciition,  200 
fruits  in  prophylaxis,  480 
gastric  ulcer  with,  462 

prognosis,  469 
gastrokateixia  in,  411 
gastropic  crises  in,  413 
gastroptosis  and,  354,  411 
genital  development  and,  471 
genitalia  in,  425 
globulin  in  blood  in,  382 
glycosuria  in,  459 
Grawitz's  theory,  354,  355 
hair  in,  438 
headache  in,  362 

treatment,  524 
hearing  in,  433 
heart  in,  388 

dulness,  391 

murmurs,  391 

palpitation,  388 

T-rays  in  examination,  395 
hematopoiesis  in,  stimulation,  484 
hematoporphyrin  excretion  in,  449 
hemoglobin  in,  367 

metabolism,  447 
heredity  and,  344 
high  altitudes  in  treatment,  500 
home  conditions  and,  349 


Chlorosis,  home-sickness  in  etiology,  350 
hydrobilirubin  excretion  in,  449 
hydrochloric  acid  in  treatment,  417 

secretion  in,  417 
hydrotherapy  in,  519 
hyperchlorhydria  in,  417 
hyperemia  of  skin  in,  437 
hypoi)lasia  of  vascular  system  and,  differ- 
entiation, 476 

in  symptomatology,  386 
hysteria  in,  439 
Immermann's  theory,  352 
in  males,  339,  340,  342 
injudicious  exercise  and,  350 
intestinal  origin,  200 

parasites  and,  diagnosis,  472 
intestines  in,  decomposition  in,  419 
iron  in  blood  in,  382 

in  prophylaxis,  484 

in   treatment,  484.     See  also   Iron  in 
treatment  of  chlorosis. 

metabolism,  447,  450 
kidney  diseases  and,  differentiation,  475 
leukocytes  in,  376 
leukocytosis  in,  376 

digestion  and,  377 
leukorrhea  in,  431 
Levy's  theory,  356 
love-sickness  in  etiology,  351 
luncheons  in,  511 
lungs  in,  363 
marriage  and,  523 
masturbation  and,  351 
meat  in  treatment,  506 
Meinert's  theory,  354 
melancholia  in,  439 
menorrhagic  form,  347 
menstruation  in,  358,  427 

amount  of  flow,  431 

frequency,  428 

urine  elimination  and,  456 
mental  power  in,  361 

work  in  prophylaxis,  482 
metabolism  in,  422,  441 

of  albumins  in,  444 

of  hemoglobin  in,  447 

of  iron  in,  4-17,  450 
milk  in,  446 

in  treatment,  507 
mind  in,  influence  in  prophylaxis,  482 
mitral  insufliciency  in,  393 
Murri's  theory,  354 
myelocytes  in,  378 
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Chlorosis,  naiis  in,  438 

nepliritis  and,  differentiation,  475 
nervous  dyspepsia  in,  406,  408 

system  in,  438 
neuralgia  in,  440 

treatment,  525 

trigeminal,  435 
neuroretinitis  in,  435 
normoblasts  in,  375,  448 
Nothnagel's  theory,  353 
nutrition  in,  364,  441,  445 

in  etiology,  348 

in  prophylaxis,  479 
obesity  with,  diet  in,  513 
of  individual  corpuscle,  371 
of  red  corpuscles,  363 
oligochromemia  in,  369 
oligocythemia  in,  369 
optic  neuritis  in,  435 
organic  extracts  in  treatment,  503 
ovarian  extract  in  treatment,  503 
ovaries  in,  development,  425,  426 
ovarin  in  treatment,  503 
oxygen  absorption  in,  448 
pain  in,  after  eating,  407 

colicky,  407 

gastric,  406-408 
palpitation  of  heart  in,  388 
pathogenesis,  342 
pelvic  development  in,  426 
phosphates  in  urine  in,  456 
phosphoric  acid  in  blood  in,  382 
pigmented  hypertrophies  of  skin  in,  438 
poikilocytes  in,  374 
potash  in  blood  in,  382 
predisposing  causes,  342,  344 
pregnancy  in  unmarried  girls  and,  differ- 
entiation, 495 
prognosis,  466 
prophylaxis,  478 
psychic  condition  in,  361 
psychoses  in,  361,  439 
pulmonary  tuberculosis  in,  405 
pulse  in,  363,  389,  397 
purpura  rheumatica  in,  438 
recurrences  in,  iron  for,  494 
red  corpuscles  in,  367 

morphologic  changes,  374 
nucleated,  375 
size,  374 
value,  369 
respiration  in,  frequency,  403 
respiratory  interchange  of  gases  in,  443 


Chlorosis,  respiratory  organs  in,  403 
rest  in  treatment,  518 
rubra,  437 
scleritis  in,  435 
seborrhea  in,  437 
sex  and,  339,  340,  342,  470 
sexual  changes  in,  364,  425 

development  and,  471 

influences  in  etiology,  351 

life  in  treatment,  523 

organs  in,  364,  425 
development,  420 
signs  of  degeneration  in,  426 

in  etiology,  346 
simple,  466 

anemias  and,  differentiation,  473 
skin  in,  363,  436 

anemia,  436 

eruptions  of,  treatment,  526 

hyperemia  in,  437 
sodium  chlorid  in  blood  in,  382 
special  sense  organs  in,  433 
sphygmomanometry  in,  398 
spleen  in,  423 

splenic  extract  in  treatment,  503 
spring,  466 

Stockman's  theory,  354 
stomach  atony  in,  414 

dilatation  in,  414 

disturbances  with,  diet,  514 

motor  functions  in,  416 

pain  in,  406 

position  in,  410 
succession  splash  in,  416 
sugar  in  urine  in,  459 
sulphates  in  urine  in,  conjugate,  421 
summer,  466 
supper  in,  511 
sweat  secretion  in,  437 
symptoms,  357 

objective,  363 

prodromal,  357 

subjective,  357 
systolic  murniui-s  in,  391 
tachypnea  in,  liysteric,  404 
taenia  mediooanellata  and,  diagnosis,  472 

solium  and,  diagnosis,  472 
temperature  of  body  in,  160 
tenderness   below    xiphoid    ("utilage   in, 

406 
theories,  352 
thromboses  in,  400 
thrombosis  with,  prognosis,  469 
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Chlorosis,  treatment,  478,  484 

alcohol  in,  508 

arsenic  in,  498 

baths  in,  cold,  519 

mineral,  490,  495,  496,  497,  520 
sweat,  522 
warm,  520 

bill  of  fare  in,  510 

blood  withdrawal  in,  501 

bone-marrow  in,  503 

by  stimulating  hematopoiesis,  484 

cold  rubbings  in,  519 

diaphoretic,  522 

dietetic,  504.   See  also  Diet  in  treatment 
of  chlorosis. 

douches  in,  519 

eurythrol  in,  503 

exercise  in,  517 

high  altitudes  in,  500 

hydrochloric  acid  in,  417 

hygienic,  504 

iron  in,  484.    See  also  Iron  in  h-eatment 
of  chlorosui. 

meat  in,  506 

milk  in,  446,  507 

of  dizziness  in,  526 

of  fainting  in,  526 

of  headache  in,  524 

of  neuralgia  in,  525 

of  skin  eruptions  in,  526 

of  unconsciousness  in,  526 

organic  extracts  in,  503 

ovarian  extract  in,  503 

ovarin  in,  503 

rest  in,  518 

sexual  life  in,  523 

splenic  extract  in,  503 

symptomatic,  524 

vegetables  in,  509 

venesection  in,  501 
trigeminal  neuralgia  in,  435 
tuberculosis  and,  differentiation,  472 
tuberculosis  in,  pulmonaiy,  405 
unconsciousness  in,  treatment,  526 
urea  elimination  in,  454 
uric  acid  elimination  in,  454 
urinary  excretion  in,  364 
urine  in,  364,  441,  453 

albumin  in,  457 

ammonia  in,  454 

amount,  455 

conjugate  sulphates  in,  421 

constituents  of  ash,  456 


Chlorosis,  urine  in,  creatinin  in,  455 
mineral  substances  in,  456 
phosphates  in,  456 
sugar  in,  459 
toxicity,  459 
urea  in,  454 
uric  acid  in,  454 
urobilin  in,  449 
urobilin  excretion  in,  449 
urobilinogen  excretion  in,  449 
urticaria  in,  437 
uterus  development  in,  425,  426 
vascular  system  in,  386 

hypoplasia,  386 
vegetables  in  prophylaxis,  480 

in  treatment,  509 
veins  in,  396,  399 
venesection  in  treatment,  501 
venous  hum  in,  399 
murmurs  in,  399 
Virchow's  theory,  352 
von  HiJsslin's  theory,  354 
von  Noorden's  theory,  355 
water  in  tissues  with,  diet  in,  513 
whites  in,  431 
winter,  466 

j-rays  in  heart  examination  in,  395 
Zandei"'s  theory,  353 
Chlorotic  blood-corpuscles,  372 
Chorea  minor  in  chlorosis,  441 
Chromogen  excretion  in  clilorosis,  449 
Circulation  in  myeloid  leukemia,  660 

in  post-hemorrhagic  anemia,  166 
Circulatory  apparatus  in  progressive  perni- 
cious anemia.  268 
Clark's  theory  of  chlorosis,  353 
Clement's  theory  of  chlorosis,  354 
Climatic  influences  on  number  of  red  cells, 

22 
Clotting,  blood-platelets  and,  relations,  142 
Coagulation  of  blood,  33 

failure  of  serum  to  separate,  33 
in  post-hemorrhagic  anemia,  163 
in  progressive  pernicious  anemia,  261 
in  simple  chronic  anemia,  215 
Coagulometer,  "Wright's,  33 
Coefficient  of  extinction  of  blood,  369 
Color  of  anemic  blood,  26 
Colorimeter,  Hoppe-vSeyler's,  27 

Zangemeistei^'s,  27 
Combined  staining,  39 
Constipation  in  chlorosis,  360,  419 
diet  in,  516 
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Constipation  in  chlorosis,  treatment,  516 

in  prophylaxis  of  chlorosis,  483 
Coj'puscles,  ancestor,  52 

of  serum,  specific  gravity,  31 

red.     See  Red  corpuscles. 

shadow,  47 

white.     See  Leukocytes. 
Corset,  chlorosis  and,  351,  410,  483 

gastrokateixia  from,  411 

gastroptosis  from,  411 
Costalgia  in  chlorosis,  408 
Couturiei''s  theory  of  chlorosis,  353 
Cover-glasses  for  blood-specimens,  37 

preparation,  37 
Creatinin  in  urine  in  chlorosis,  455 

Dare's  alkalimeter,  217 
colorimeter,  28 

method  for  alkalinity  of  blood,  217 
Debris  iron,  29 

Deetjen's  method  for  counting  blood-plate- 
lets, 141 
method  of  blood-examination,  141 
Defecation  in  chlorosis,  419 
Degeneration,   anemic,   in   simple   chronic 
anemia,  219 
fatty,  in  post-hemorrhagic  anemia,  165 

in  progressive  pernicious  anemia,  282 
of  bone-marrow,  megaloblastic,  57 
Delirium  in  post-hemorrhagic  anemia,  168 
Diaceturia  in  progressive  pernicious  ane- 
mia, 266 
Diarrhea  in  myeloid  leukemia,  661 
Diastolic  murmure  in  chlorosis,  395 
Diazo   reaction   in   progressive   pernicious 

anemia,  266 
Diet  in  prophylaxis  of  chlorosis,  479 
in  treatment  of  chlorosis,  504 
albumin  in,  505 
alcoliol  in,  508 
bill  of  fare,  510 
breakfast,  510 
dinner,  511 

frequency  of  meals,  505 
luncheons,  511 
meat  in  morning,  506 
milk  in,  507 
morning  diet,  506 
regularity  of  meals,  505 
supper  in,  511 
vegetables  in,  509 
with  constipation,  516 
with  emaciation,  513 


Diet  in  treatment  of  chlorosis  with  gastric 
disturbances,  514 
with  obesity,  513 
with  water  in  tissues,  513 
Digestion  leukocytosis  in  chlorosis,  370 
Digestive  organs,  diseases  of,  simple  chronic 
anemia  from,  199 
in  chlorosis,  359,  406 
in  myeloid  leukemia,  661 
in  post-hemorrhagic  anemia,  167 
in  progressive  pernicious  anemia,  270, 

284 
in  simple  chronic  anemia,  223 
lymphocytosis  and,  83 
Dinner  for  chlorotics,  511 
Distoma  haematobium,  simple  chronic  ane- 
mia from,  205 
Dizziness  in  chlorosis,  treatment,  526 
Doigt  mort  in  chlorosis,  363 
Douches  in  treatment  of  chlorosis,  519 
Duclos'  theory  of  chlorosis,  353 
Dunin's  theory  of  clilorosis,  354 
Dura  mater  in  progressive  pernicious  ane- 
mia, 291 
Dyspepsia  in  chlorosis,  nervous,  406,  408 
Dyspnea  in  chronic  leukemia,  594 
in  myeloid  leukemia,  660 

Ear  in  chlorosis,  433 

in  chronic  leukemia,  593,  601 

in  myeloid  leukemia,  662,  666 

in   progressive   pernicious  anemia,  post- 
mortem appearances,  294 
Echinococcus,  simple  chronic  anemia  from, 

205 
Eczema  in  chlorosis,  437 
Edema  in  chlorosis,  402,  435 

in  post-hemorrhagic  anemia,  163 

in  progressive  i)crnicious  anemia,  263 

in  simple  chronic  anemia,  222 

of  lids  in  chlorosis,  435 
Ehrlich's  method  for  granules,  98 

theory  of  nucleated  red  cells,  54 

vital  methylcne-blue,  98 
Elevation,  eflect  on  number  of  red  cells,  22 
Emaciation  in  chlorosis,  diet  for,  513 
Endocarditis,  progressive  pernicious  anemia 

and,  difierentiation,  314 
Engel's  alkalimeter,  215,  216 
Eosin-methylenc-bhie  for  dried  specimens, 

42,44 
Eosinophile  myelocytes,  88 
Eosinophiles,  67 
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Eosinophiles,  guinea-pig,  73 

in  lynipbeniia,  112 

in  myeloid  leukemia,  641) 

in  polynuclear  neutroi)liile  leukocytosis, 
109 

in  progressive  pernicious  anemia,  259 

in  simple  chronic  anemia,  220 

local  origin,  120 

mononuclear,  69 
in  leukemia,  129 

neutrophiles  and,  contradictory  behavior, 
123 

of  bone-marrow,  staining,  88 
Eosinophilia,  112 

after  extirpation  of  spleen,  116 

after  infectious  diseases,  115 

after  splenectomy,  116 

after  tuberculin,  116 

chemotactic  theory,  118,  123 

compensation,  116 

from  camphor,  117 

in  leukemia,  112,  130,  131 
diagnostic  significance,  131 

in  myeloid  leukemia,  649 

in  simple  chronic  anemia,  220 

leukemia  and,  112,  130,  131 

local  origin  theory,  119 

medicinal,  116 

Miiller's  theory,  117 

of  ankylostomiasis,  113 

of  ankylostomum  duodenale,  113 

of  bronchial  asthma,  113 

of  helminthiasis,  113 

of  malignant  tumors,  116 

of  pemphigus,  113 

of  pneumonia,  115 

of  prurigo,  113 

of  psoriasis,  113 

of  sarcoma,  116 

of  skin  diseases,  113 

of  trichinosis,  114 

of  urticaria,  113 

origin,  117 

post-febrile,  115 

Riedei"'s  theory,  117 

Schmidt's  theory,  119 

theories  of  origin,  117 
Epigastrium,    tenderness   in,    in    chlorosis, 

406 
Erysipelas  with  myeloid  leukemia,  670 
Erythrocytes.     See  Red  corpuscles. 
Erythrodermie  raycosique  in  chronic  leu- 
kemia, 589 


ErythrodeiTuie    mycosique    in    pseudoleu- 
kemia, 621 

Erythrol  in  treatment  of  chlorosis,  503 

Esophagus  in  acute  leukemia,  563 

Etlier  and   alcohol   as   fixative    for   dried 
specimen,  38 

Exercise  in  prophylaxis  of  chlorosis,  481 
in  treatment  of  chlorosis,  517 

Exophthalmos  in  chloroma,  577 

Extirpation   of   spleen,  eosinophilia  after, 
116 

Exudation  in  chlorosis,  437 

Eye  in  chloroma,  577 
in  clilorosis,  434 
in  chronic  leukemia,  593 
in  myeloid  leukemia,  662,  666 
in  post-hemorrhagic  anemia,  168 
in  progressive  pernicious  anemia,  278 
postmortem  appearances,  293 

Eye-ground  hemorrhage  in  leukemia,  553 

Fainting  in  chlorosis,  treatment,  526 
Fasting  artists,  190 

Fat  in  myeloid  leukemia,  subcutaneous,  655 
in  prophylaxis  of  chlorosis,  479 
secretion  in  chlorosis,  437 
Fatty  degeneration  in  post-hemorrhagic  ane- 
mia, 165 
in  progressive  pernicious  anemia,  282 
Feces  in  chlorosis,  364 
color,  423 
in  progressive  pernicious  anemia,  272 
diagnosis  and,  314 
Felix  mas  in  progressive  pernicious  anemia, 

316 
Ferratin  in  post-hemorrhagic  anemia,  183, 

184 
Ferrometer,  Jolles',  28 
Fever  in  acute  leukemia,  560 
in  chlorosis,  460 
in  chronic  leukemia,  594 
in  myeloid  leukemia,  656 
in  progressive  pernicious  anemia,  266 
in  pseudoleukemia,  622 
simple  chronic  anemia  from,  197 
Fibrin  in  blood  in  chlorosis,  382 
Filaria  sanguinis  hominis,  simple  chronic 

anemia  from,  205 

Fixatives  for  dried  specimen,  alcohol  and 

ether  as,  38 

alcohol  as,  38 

Benario's,  39 

chemic  agents  as,  38 
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Fixatives  for  dried  specimen,  dry  heat  as, 
38 
ether  and  alcohol  as,  38 
formol  as,  39 
Nikiforoff's,  38 
Fleischl's  hemometer,  28 
Flow  of  blood  in  estimating  quantity,  15 
Forchheimer's  theory  of  chlorosis,  353 
Formol  as  fixative  for  dried  specimen,  39 
Fowler's  ai-senic  solution  in  progressive  per- 
nicious anemia,  321 
solution  in  chronic  leukemia,  615 
Freezing    method    for   cell-granules,    Alt- 

mann's,  98 
Freezing-point  of  blood  in  simple  chronic 

anemia,  215 
Fruit  in  prophylaxis  of  chlorosis,  480 

Gartner  hematocrit,  32 
Gastric   disturbances   with   chlorosis,  diet, 
514 
glands  in  progressive  pernicious  anemia, 

285 
juice  in  progressive  pernicious  anemia, 

271 
ulcer  with  chlorosis,  462 
prognosis,  469 
Gastro-intestinal  diseases  in  simple  chronic 
anemia,  199,  223 
progressive    pernicious   anemia   from, 

242 
simple  chronic  anemia  from,  199,  223 
tract  in  chronic  leukemia,  601 
in  myeloid  leukemia,  661 
in  progressive  pernicious  anemia,  270, 

284 
tumors  of,  progressive  pernicious  ane- 
mia from,  242 
Gastrokateixia  from  corsets,  411 
Gastroptic  crises  in  chlorosis,  413 
Gastroptosis,  chlorosis  and,  354 

from  corsets,  411 
Gautier's  cacodylic  treatment  of  progressive 

pernicious  anemia,  322 
Gelatin  in  hemorrhage,  173 
Genitalia  in  chlorosis,  425 
Giant-cells  of  bone-marrow,  87 

staining,  87 
Gigantoblasts,  52,  53 
clinical  features,  56 
in  bone-marrow,  92 
in  progressive  pernicious  anemia,  252 
diagnosis  and,  310 


Gigantoblasts,  normoblasts  and,  differentia- 
tion, 56 
transformation  of,  into  normoblasts,  57 

Gigantocytes  in  progressive  pernicious  ane- 
mia, 250 

Globules  mfirs,  72 
vieux,  72 

Globulin  in  blood-chlorosis,  382 
in  simple  chronic  anemia,  213 

Glycogen  in  blood,  demonstration,  45 
in  liver-cells,  100 
in  secretions,  demonstration,  46 

Glycosuria  in  chlorosis,  459 

Gowei-s'  hemoglobint)meter,  28 

Granulations  of  red  corpuscles,  basophilic,  59 

Granules,  cell-,  95.     See  also  Cell-granules. 
of  corpuscles,  95.   See  also  Cell-granules. 

Grawitz's  theory  of  chlorosis,  354,  355 

Green  cancer,  576.    See  also  Chloroma. 

Guaiac  tincture  as  stain  for  chloroma  tis- 
sue, 580 

Guinea-pig,  histology  of  blood,  73 

Gums  in  acute  leukemia,  563 
ulceration,  566 

Gumprecht's  hygromometiy  method,  31 

Gusserow's   treatment   of   progressive   per- 
nicious anemia  in  pregnancy,  318 

HjEMAMiEBA    leuksemiae    magna,   myeloid 
leukemia  and,  648 

parva    seu   vivax,   myeloid    leukemia 
and,  648 
Hair  in  chlorosis,  438 
Haldane  and  Smith's  estimation  of  blood, 

19 
Hallucinations  in  post-hemorrhagic  anemia, 

168 
Hammei'schlag's    specific   gravity    nietliod, 

29 
Hayem's  fluid  for  counting  red  corpuscles, 

20 
Headache  in  chlorosis,  362 

treatment,  524 
Hearing  in  chlorosis,  433 

in  progressive  pernicious  anemia,  280 
Heart  activity  in  acute  leukemia,  559 
in  chlorosis,  388 
palpitation,  388 
T-rays  in  examinati<in,  395 
in    progressive    piTiiicious   jiiu'tiiia,    26S, 

282 
valves  in  ])rogrcssivc  inTiiicious  anemia, 
283 
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Heat,  dry,  as  fixative  for  dried  specimen, 

38 
Helminthiasis,  eosinophilia  in,  113 
simple  chronic  anemia  from,  203 
Hemamebaj  in  leukemia,  571 
Heraatoblasts,  142 

diflerentiation  of  two  forms,  56 
Hematocrit,  32 
Hematopoiesis,  stimulation  of,  in  treatment 

of  chlorosis,  48-4 
Hematoporphyrin    excretion   in   chlorosis, 

449 
Hematoxylin  for  dried  specimens,  43 
Hematuria  in  progressive    pernicious  ane- 
mia, 265 
Hemoglobin,  computation  of,  from  specific 
gravity,  379 

of  dry  substance  from,  380 
Dare's  colorimeter  for,  28 
decrease  in  post-hemorrhagic  anemia,  158 
recovery  and,  160 
in  simple  chronic  anemia,  210,  218 
determination,  26 

by  percentage  volume  of  red  cells,  32 
Dare's  instrument,  28 
ferrometer  for,  28 
Fleischl's  hemometer  for,  28 
Gowei"s'  hemoglobinometer  for,  28 
Hoppe-Seyler's  pipet  for,  27 
indirect  methods,  28 
iron  for,  28 

Jolles'  ferrometer  for,  28 
Tallqvist's  method,  27 
Zangemeister's  instrument  for,  27 
ferrometer  for  estimating,  28 
Fleischl's  hemometer  for,  28 
Gowei-s'  hemoglobinometer  for,  28 
Hoppe-Seyler's  pipet  for  measuring,  27 
in  chlorosis,  367 

metabolism,  447 
in  chronic  leukemia,  588 
in  myeloid  leukemia,  percentage,  652 
in  progressive    pernicious   anemia,   248, 

249 
iron  in  determining,  28 
Jolles'  ferrometer  for,  28 
percentage  volume  of  red  cells  in  deter- 
mining, 32 
regeneration,  171 

specific  gravity  of  blood  and,  29,  30 
Tallqvist's  estimation,  27 
Zangemeister's  instrument  for,  27 
Hemoglobinometer,  Gowers',  28 


Hemolymph  nodes  in  progressive  pernicious 

anemia,  290 
Hemometer,  Fleischl's,  28 
Hemorrhage,  arrest,  172 

in  acute  leukemia,  552,  562, 565 
bi-ain,  553 
eye-ground,  553 
intestinal,  553 
into  skin,  552 
mouth,  552 
urethral,  553 
vaginal,  553 
in  chloroma,  retinal,  577 
in  chronic  leukemia,  592 

skin,  591 
in  myeloid  leukemia,  656 
in  progressive  pernicious  anemia,  263 

internal,  281 
in  simple  chronic  anemia,  222 
progressive  pernicious  anemia  after,  239 
regeneration  of  blood  after,  171 
retinal,  in  progressive  pernicious  anemia, 

278 
spinal,  in  progressive  pernicious  anemia, 

292 
spontaneous,  in  post-hemorrhagic  anemia, 
166 
Hemorrhagic  diathesis  in  myeloid  leukemia, 
656 
in  progressive  pernicious  anemia,  291 
Heredity,  chlorosis  and,  344 
Herz's  method  to  separate  red  cells  from 

blood,  32 
High  altitudes  in  treatment  of  chlorosis, 

500 
Histology  of  blood,  17,  47 
normal,  17 
pathologic,  17 
Hodgkin's   disease,  616.     See  also  Pseudo- 
leukemia. 
Home-sickness  in  etiology  of  chlorosis,  350 
Hoppe-Seylei-'s   colorimetric  double  pipet, 

27 
Hunter's  infectious  theory  of  origin  of  per- 
nicious anemia,  245 
treatment  of  progressive  pernicious  ane- 
mia, 317 
Hydremia  in  post-hemorrhagic  anemia,  157 
Hydrobilirubin  excretion  in  chlorosis,  449 
Hydrochloric     acid     decrease     in     simple 
chronic  anemia,  224 
in  treatment  in  chlorosis,  417 
secretion  in  chlorosis,  417 
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Hydrotherapy  in  chlorosis,  519 
Hydrothorax,  hemorrhagic,  in  progressive 

pernicious  anemia,  315 
Hygromometry,  31 
Hyperalbuminemia   rubra    in    progressive 

pernicious  anemia,  260 
Hyperchlorhydria  in  chlorosis,  417 
Hyperemia  in  myeloid  leukemia,  OGO 

of  skin  in  chlorosis,  437 
Hyperleukocytosis,  107 

in  progressive  pernicious  anemia,  259 
Hypertrophy  of  skin  in  chlorosis,  pigmented, 

438 
Hypoleukocytosis,  107 
Hypoplasia   of  vascular   system,  chlorosis 
and,  differentiation,  476 
in  chlorosis,  386 
Plysteria  in  chlorosis,  439 

Immermann's  theory  of  chlorosis,  352 
Impure  air  as  cause  of  anemia,  194 
Inanition,  anemia  from,  189 
Indicanuria  in  progressive  pernicious  ane- 
mia, 287 
Infusion  in  post-heniorrhagic  anemia,  175 

of  physiologic  salt  solution  in  acute  ane- 
mia, 177 

Schiicking's,  179 
Inoculations  in  treatment  of  chronic  leuke- 
mia, 614 
Internal   organs  in  progressive   pernicious 

anemia,  281 
Intestinal  parasites,  chlorosis  and,  diagnosis, 

472 
Intestines,  absorption  by,  in  progressive  per- 
nicious anemia,  272 

activity  of,  in  progressive  pernicious  ane- 
mia, 272 

atrophy  of,  progressive  pernicious  anemia 
from,  242 

diseases  of,  progressive  pernicious  anemia 
from,  242 

hemorrhage  from,  in  acute  leukemia,  553 

in  acute  leukemia,  563 

in  chlorosis,  decomposition  in,  419 

in  progressive  pernicious  anemia,  285 

in  simple  chronic  anemia,  224 
motor  functions,  224 
Intravenous     transfusion     in     post-hcmor- 

rhagic  anemia,  176 
lodid    of   potassium   in   chronic   leukemia, 

614 
lodin  in  chronic  leukemia,  614 


lodin  in  pseudoleukemia,  637 

reaction  witii  jxtlyuMclear   leukocytes,  67 
Iodoform  in  chronic  leukemia,  614 
lodophilia  in  polynuclear  leukocytes,  67 
Iron,  debris,  29 

in  blood  in  chlorosis,  382 

in  sim])]e  chronic  anemia,  214 
in  chlorosis.     See  Iron   in   treatment   of 
chlorosis^. 
metabolism,  447,  450 
in  determining  liemoglobin,  28 
in   internal  organs  in  progressive  ])erni- 

cious  anemia,  281 
in  liver  in  progressive  pernicious  anemia, 

281 
in  nourishment,  diiniinition    of,  anemia 

and, 192 
in  post-hemorrhagic  anemia,  181 
in  prophylaxis  of  chlorosis,  484 
in  simple  ciironic  anemia,  226 
in  treatment  of  chlorosis,  484 
administration,  491 
duration,  493 
regularity,  493 
subcutaneous,  494 
chalybeate  waters,    490,    495,    496, 

497,  520 
contra-indications,  494 
discontinuance,  492 
dose,  491 
improvement    from,    diagnosis    and, 

471 
manner  of  action,  485 
negative  results,  493 
prejjarations,  488 
recurrences  and,  494 
subcutaneously,  494 
of  progressive  pernicious  anemia,  323 
preparations,  488 
spondogenous,  29 
subcutaneous  injection,  IS  I 
Irritable  weakness   in  simple  <lin>nic  ani'- 
mia,  222 

Jenner's  metiiod  for  dried  speiMineiis,  45 
Jolles'  ferroMieler,  28 

KAiiYOCiiKOMATdiMiii.ic  gniuulcs,  255 

Karyolysis,  53 

Karyorrhexis,  53 

Kidnev  diseases,  clilnnisis  aiid.  ditlcrentia- 

tion,  475 
Kidnevs  in  acute  leukemia.  563 
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Kidneys  in  chloroma,  579 
in  chronic  leukemia,  600 

microscopic  appearance,  603 
in  myeloid  leukemia,  666 
in  progressive  pernicious  anemia,  284 
Kobnei"'s  solution  in  chronic  leukemia,  61o 
Koch's  examination  for  granules,  97 
Kolliker  and  Neumann's  theory  of  nucle- 
ated red  cells,  53,  54 
Koppe's   method   of    separating   red   cells 
from  blood,  32 

Labor,  progressive  pernicious  anemia  after, 

238 
Lacrimal  glands,  tumor  of,  in  chronic  leu- 
kemia, 591 
Lactorrhea,  anemia  from,  196 
Larynx   in  chronic  leukemia,  microscopic 

appearance,  604 
Lead,  simple  chronic  anemia  from,  208 
Lead-poisoning,  blood  in,  59,  60 
Leishman's  method  for  dried  specimens,  44 
Leukemia,  125 
acute,  blood  in,  91 
blood-picture  in,  540 
cutaneous  form,  604 
diagnostic  significance,  131 
eosinophiles  in,  129 
eosinophilia  and,  112,  130 
febrile  diseases  and,  133 
leukocytes  in,  atypic  forms,  132 
lienal,"l25,  539 
lienoniedullary,  126 
lymphatic,  126,  539 
acute,  126,  543,  544 
age  and,  -549 
albuminuria  in,  558 
anemia  with,  558 
blood  in,  572 

blood-making  organs  in,  544 
bone-marrow  in,  562,  567 

lymphoid,  5G8 
brain  hemorrhage  in,  553 
cerebral  nerves  in,  paralysis,  553 
coui-se,  549,  560 
death  in,  560 
definition,  542,  581 
diagnosis,  572 

differentiation,  573 
duration,  560 

enlargement  of  lymphatic  structures 
in,  551 
of  mucous  membranes  in,  554 


Leukemia,  lymphatic,  acute,  esophagus  in, 

563 
etiology,  570 

eye-ground  hemorrhages  in,  553 
fever  in,  560 

from  pseudoleukemia,  622 
gross  anatomy,  562 
gums  in,  563 

ulceration,  566 
heart  activity  in,  559 
hemamebae  in,  571 
hemorrhage  in,  552,  562,  565 

brain,  553 

eye-ground,  553 

intestinal,  553 

mouth,  552 

skin,  '552 

urethral,  553 

vaginal,  553 
histogenesis,  569 
histologic  anatomy,  564 
intestinal  hemorrhage  in,  553 
intestines  in,  563 
kidneys  in,  563 
leukocytosis  in,  554 
liver  in,  559,  563 
Lowit's  theory,  571 
lymph  glands  in,  551,  562 
lymphocytes  in,  555 
lymphogonies  in,  557,  564 
macroscopic  anatomy,  562 
markzellen  in,  556 
marrow-cells  in,  554,  556 
metastatic  lymphomata  in,  565 
mouth  hemorrhages  in,  552 
mucous  membranes  in,  necrosis,  566 

swelling,  554 

ulceration,  554,  566 
myelogonies  in,  557 
myeloid    leukemia   and,  differentia- 
tion, 668 
necrosis  in,  566 

of  skin,  552 
onset,  549 

oxygen  metabolism  in,  560 
palate  in,  563 

paralysis  of  cerebral  nerves  in,  553 
pathologic  anatomy,  562 
pharyngeal   tonsils  in,  enlargement^ 

552 
pharynx  in,  563 
place  of  origin,  544 
prognosis,  574 
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Leukemia,    lymphatic,    acute,    pseudoleu- 
kemia and,  differentiation,  542,  573 
red  corpuscles  in,  557 
respiration  in,  560 
rupture  of  spleen  in,  death  from,  560 
skin  in,  558 

hemorrhages,  552 

necrosis,  552,  567 

ulceration,  567 
spleen  in,  562,  567 

rupture,  death  from,  560 
stomach  in,  563 

swelling  of  lymphatic  structures  in, 
551 

of  mucous  membranes  in,  554 
symptoms,  549 

general,^  558 

primary,  550 
thymus  in,  564 
tongue  in, 563 
tonsils  in,  563 

pharyngeal  enlargement  in,  552 
treatment,  575 
ulcerations  in,  554,  566 
urethral  hemorrhage  in,  553 
uric  acid  excretion  in,  559 
urine  in,  558 

vaginal  hemorrhage  in,  553 
and  myelogenic,  differentiation,  127 
blood  in,  93,  94 
chronic,  127,  543,  581 
albuminuria  in,  592 
appetite  in,  berberinum  for,  616 
arsenic  in,  615 

Bence-Jones  body  in  urine  in,  593 
blood-picture  in,  587 
bone-marrow  in,  386,  597 

extract  in,  616 

microscopic  appearance,  603 
carbolic  acid  in,  616 
course,  584,  594 
cutaneous  form,  604 
death  in,  595,  613 
diagnosis,  612 
dyspnea  in,  594 
ear  in,  593,  601 

erythrodermie  mycosique  in,  589 
etiology,  609 
extirpation  in,  613 
eye  in,  593 
fever  in,  594 
Fowlei-'s  solution  in,  615 
gastro-intestinal  tract  in,  601 


Leukemia,  lymphatic,  chronic,  hemoglobin 

in,  588 
hemorrhages  in,  592 

from  skin  in,  591 
histogenesis,  60G 
histologic  findings,  601 
inoculation  in  treatment,  614 
iodid  of  potassium  in,  614 
iodin  in,  614 
iodoform  in,  614 
kidneys  in,  600 

microscopic  appearance,  603 
Kobner's  solution  in,  615 
lacrimal  tumor  in,  591 
larynx    in,  microscopic   appearance, 

604 
leukocytosis  in,  581,  587 
liver  in,  592,  600 

microscopic  appearance,  603 
Lowit's  theory,  610 
lymph  glands  in,  584,  595,  596 

microscopic  a[)pearance,  601 
lymphadenie  cutan^e  in,  589 
lymphatic  enlargement  in,  584 

tissue  growth  in,  588 
lymph-gland    extract    in    treatment, 

616 
lymphocytosis  in,  582,  587 
lymphodermia  perniciosa  with,  589 
lymphomata  in  skin  in,  589 
raacroscoi)ic  findings,  595 
metabolism  in,  593 
microscopic  findings,  601 
milk  extract  for,  614 
mucous  membranes  in,  600 
mycosis  fungoides  in,  589 
myeloid    leukemia    and,    (lifl'erentia- 

tion,  668 
myeloid  leukemia  and,  relation,  671 
nephritic  signs  in,  592 
nervous  diseases  in,  592 

system  in,  (501 

microscopic  a|)pear.inces,  605 
nuclein  in,  614 
onset,  584 

oxygen  inhalations  in,  616 
paralysis  in,  593 
parasitic  theory,  609 
pathologic  anatomy,  595 
potassium  iodiil  in,  till 
prognosis,  613 
pseudoleukemia  and,  liilTcnniiation, 

582,  636 
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Leukemia,  lymphatic,  chronic,  red  corpus- 
cles in,  decrease,  588 
respiratory  tiact  in,  600 
salivary  tumor  in,  591 
sarcoma  with,  591 
skin  in,  589,  GOl 

microscopic  appeaiunce,  604 
spermin  in,  614 
spleen  in,  585,  596 

microscopic  appearance,  602 
staining  organism,  610 
symmetric  tumor  of  facial  glands  in, 

591 
symptoms,  584 
thyroid  extract  for,  616 
trachea  in,  microscopic  appearance, 

604 
treatment,  613 
medical,  613 
surgical,  613 
r-ray,  676 
tuberculin  in,  614 
urine  in,  Bence-Jones'  body  in,  593 
urticaria  with,  589 
vascular  diseases  in,  592 
x-rays  for,  676 
diagnosis,  127 
genuine,  582 

lymphatic-hepatic  form,  125 
lymphocytic,  641 
markzellen  in,  129 
mast-cells  in,  increase,  132 
medullary  lymphatic,  126 
mononuclear  neutrophiles  in,  129 
myelocytes  in,  129 
myelogenic,  126,  544 

and  lymphatic,  differentiation,  127 
diagnosis,  127 

microscopic  characteristics,  128 
myelogenous,  541 

myeloid  leukemia  and,  differentiation, 

668 
a--i-ays  for,  676 
myeloid,  544,  645 
age  and,  647 
albuminuria  in,  659 
anemia  in,  655,  663 
appetite  in,  661 
ascites  in,  661 
bacteriologic  origin,  648 
blood  in,  649 

Charcot-Leyden     crystals    in,     654, 
663 


Leukemia,  myeloid,  blood  in,  coagulation, 
653" 

color,  652 

quantity,  652 

post  mortem,  663 

serum,  654 

specitic  gravity,  653 

uric  acid  in,  654 

xanthin  in,  654 
blood-picture  in,  649,  652 
bone-marrow  in,  664,  669 

tumors  and,  diflerentiation,  668 
central  nervous  system  in,  662,  666 
Charcot-Leyden  crystals  in  blood   in, 

654,  663  ' 

in  bone-marrow  in,  664 
circulatory  symptoms,  660 
climate  and,  647 

clinical  alterations  in  general  condition 
in,  655 
in  oi-gans  in,  655 
complications,  670 
course,  667 
death  in,  669 
diagnosis,  672 

differential,  668 
diarrhea  in,  661 
digestive  organs  in,  661 
duration,  667,  669 
dyspnea  in,  660 
ear  in,  662,  666 
eosinophilia  in,  649 
erysipelas  with,  670 
etiology,  647 
eye  in,  662,  666 
fat  in,  subcutaneous,  655 
fever  in,  656 

gastro-intestinal  tract  in,  661 
ha?mama>ba  leuktenii*  magna  and,  648 
ha^mama?ba  leuka;miie  parva  seu  vivax 

and,  648 
hemoglobin  percentage  in,  652 
hemorrhage  in,  656 
hemorrhagic  diathesis  in,  656 
hyperemia  in,  660 
infectious  diseases  and,  diflerentiation, 

668 
kidneys  in,  666 
leukocytes  in,  649 

ratio  to  red  cells.  651 
liver  in,  660,  665 
Lowit's  protozoa  and,  648 
lymph  glands  in,  660,  665 
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Leukemia,    myeloid,    lymphatic    leukemia 

and,  difierentiation,  668 
lymphatic  leukemia  and,  relation,  671 
lymphomatosis  in,  665 
mast-cells  in,  650 
metabolism  in,  656 

proteid,  658 

respiratoiy,  657 
mononuclear  neutrophiles  in,  649 
myelogenous  leukemia  and,  differentia- 
tion, 668 
myeloid    metamorphosis  of  spleen  in 

664 
nervous  system  in,  662,  666 
nitrogen  excretion  in,  659 
nutrition  in,  655 
occupation  and,  647 
pathologic  anatomy,  663 
pernicious  anemia  and,  differentiation, 

668 
prognosis,  669 
red  corpuscles  in,  649 

i-atio  to  white,  651 
respiratory  symptoms,  660 
sense  organs  in,  662 
serum  in,  654 
sex  and,  647 
sexual  organs  in,  662 
skin  in,  661 
spleen  in,  659,  664 

myeloid  metamorphosis,  664 
splenectomy  for,  675 
sputum  in,  660 
subjective  complaints  in,  655 
symptomatology,  649 
temperature  in,  656 
trauma  and,  647 
treatment,  675 

effect  on  blood,  652 

splenectomy  in,  675 

vaccination  in,  675 

x-rdj,  675 

conclusions,  678 
duration,  678 
technic,  678 
unfavorable  results,  678 
tuberculosis  with,  670 
uric  acid  in,  658 
urine  in,  (558 
vaccination  for,  675 
xanthin  in  blood  in,  654 
a>ray  treatment,  675 
conclusions,  678 
45 


Leukemia,  myeloid,  r-ray  treatment,  dura- 
tion, 678 
technic,  678 
unfavorable  results,  678 
red  corpuscles  in,  nucleated,  133 
sepsis  and,  131 
seu  bone-marrow  celled,   645.     See  also 

Leukemia,  myeloid. 
Leukocytes,  62 

antitoxic  powei-s,  107 

atypic  forms,  in  leukemia,  132 

bone-marrow  as  source,  85,  606 

destruction  of,  leukopenia  from,  138 

diminution,  138.     See  also  Leukopenia. 

eosinophile,  guinea-pig,  73 

estimation,  20 

granular,  of  guinea-pig's  blood,  73 

granules  of.     See  also  Cell-granules. 

histology,  63 

in  chlorosis,  376 

in  leukemia,  acute,  554 

chronic,  increase,  581,  587 

myeloid,  649 

red  corpuscles  and,  ratio,  651 
in  post-hemorrhagic  anemia,  morphologic 

changes,  161 
in  progressive  pernicious  anemia,  256 
diagnosis  and,  312 
morphologic  changes,  259 
number,  256 
in  pseudoleukemia,  619 
in  simple  chronic  anemia,  220 
irritation  forms,  70 
large  mononuclear,  65 
lessened  influx  of,  leukopenia  from,  138 
lymph  glands  as  source,  82 
mononuclear,  with   neutrophile  granula- 
tions, 68 
non-grantdar,  guinea-pig,  73 

source,  90 
origin,  70,  94 
polymorphonuclear,  66 

acidophilic,  67 
polynuclear,  66 

iodin  reaction,  67 

number,  67 

perinuclear  granulations,  67 

witli   pscudo-<.^<)sin<ipliiIe  granulations, 
guinea-pig,  73 
source,  70,  94 
spleen  in  origin,  72 
Thoma's  fluid  for  counting,  20 
transition  forms,  66 
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Leukocytes  witli  vacuoles,  guinea-pig,  73 
Leukocytosis,  106 
active,  108 
agonal.  111 

basophile,  112,  120-122 
biologic  significance,  106 
bone-marrow  and,  89,  111 
cachectic.  111 
cells  increased  in,  89 
chemotaxic  theory,  107 
definition,  106 
digestive,  110 

in  chlorosis,  377 
in  acute  leukemia,  554,  581 
in  chlorosis,  376 
in  chronic  leukemia,  587 
in  post-hemorrhagic  anemia,  161 
in  progressive  pernicious  anemia,  256 
large  mononuclear  cells  in,  89 
lienal,  82 

Lowit's  theory,  107 
mast-cell,  112,  120-122 
Metchnikoff's  theory,  106 
mixed,  125.     See  also  Leukemia. 
morphologic  character,  108 
of  anemic  conditions,  110 
of  infectious  processes,  110 
passive,  108 
pathologic,  110 

etiology,  112 
phagocytic  theory,  106 
physiologic,  110 

etiology,  112 
polynuclear  eosinophile,    112.     See  also 
Eodnophilia. 

neutrophile,  109 

eosinophiles  in,  1 09     , 
etiology,  109,  111 
lymphocytes  in,  109 
post-hemorrhagic,  1(51 
theories,  85,  107,  607 
toxic,  110 

transitional  cells  in,  89 
Leukopenia,  107,  138 
artificial,  107 

from  destruction  of  leukocytes,  138 
from  lessened  influ.x:  of  leukocytes,  138 
in  anemia,  139 
in  splenic  anemia,  138 
in  tyj)hoid  fever,  139 
in  chlorosis,  431 
infections,  139 
Levy's  theory  of  chlorosis,  356 


Lienal  leukemia,  539 

Light,  lack  of,  anemia  from,  193 

leukocytosis,  82 
Liver  in  acute  leukemia,  559,  563 
in  chronic  leukemia,  592,  600 

microscopic  appearance,  603 
in  myeloid  leukemia,  660,  665 
in   progressive   pernicious   anemia,    273, 

290 
iron  in,  in  progressive  pernicious  anemia, 
281 
Liver-cells,  glycogen  in,  100 
granules,  100 
paraplasm,  100 
secondary,  100 
Love-sickness  in  etiology  of  chlorosis,  351 
Lowit's  protozoa  as  cause  of  myeloid  leu- 
kemia, 648 
theory  of  chronic  leukemia,  610 
of  leukemia,  571 
of  leukocytosis,  107 
Lowy's  method  for  alkalinity  of  blood,  215 
Luncheons  for  chlorotics,  511 
Lungs  in  chlorosis,  363 

in  progressive  pernicious  anemia,  284 
Lymph  glands  as  source  of  leukocytes,  82 
of  lymphocytes,  82 
enlargement   of,  in  chronic  leukemia, 

584 
extract  of,  in  chronic  leukemia,  616 
in  acute  leukemia,  551,  562 
in  chloroma,  579 
in  chronic  leukemia,  584,  595,  596 

microscopic  appearance,  601 
in  myeloid  leukemia,  660,  665 
in  progressive  pernicious  anemia,  273 
Lymphadenia  ossium,  619 
Lymphadenie  cutanee  in  chronic  leukemia, 

589 
Lymphadenoid  transformation,  Xeumann's 

theory,  607 
Lymphatic  enlargement  in  chronic  leuke- 
mia, 584 
Lymphatic  leukemia.     See  Leukemia,  lym- 
phatic, acute,  and  Leukemia,  lymphatic, 
chronic. 
swelling  in  pseudoleukemia,  618 
tissue,  replacement  of  bone-marrow  by, 
93 
Lymphatic-hepatic  leukemia,  125 
Lymphemia,  65 

eosinopliiles  in,  112 
Lymphocytes,  63 
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Lymphocytes,  bone-marrow  as  source,  606 

guinea-pig's,  74 

in  acute  leukemia,  555 

in  chronic  leukemia,  increase,  587 

in  polynuclear  neutrophile  leukocytosis, 
109 

in  progressive  pernicious  anemia,  258 

in  pseudoleukemia,  increase,  617,  619 

increase  in  number,  65 

motility,  135 

number,  65 

source,  82 
Lymphocytic  leukemia,  541 
Lymphocytosis,  65,  83 

bone-marrow  and,  93,  94 

digestive  tract  and,  83 

from  chemic  irritation,  84 

from  pilocarpin,  84 

from  tuberculin,  84 

in  acute  leukemia,  555 

in  chronic  leukemia,  582,  587 

in  pseudoleukemia,  617,  619 

in  whooping-cough,  84 

theories,  85,  607 
Lymphodermia  perniciosa  in  chronic  leu- 
kemia, 589 
in  pseudoleukemia,  621 
Lymphogonies  m  lymphatic  leukemia,  557, 

564      ^ 
Lymphoid  marrow  in  leukemia,  568 
Lymphomata  in  skin  in  chronic   leukemia, 
589 

malignant,  616.    See  also  Pseudoleukemia. 

metastatic,  in  leukemia,  565 
Lymphomatosis  in  myeloid  leukemia,  665 
Lymphosarcoma,    616.      See    also    Pseudo- 
leukemia. 
Lymphosarcomatosis,  583,  631 

pseudoleukemia  and,  617 

Macrocytes  in  progressive  pernicious  ane- 
mia, 250 

Malaria,  simple  chronic  anemia  from,  201 

Malignant  lymphoma,  616.    See  also  Pseudo- 
leukemia. 

Markzellen  in  leukemia,  129 

in  acute  lymphatic  leukemia,  556 

Marriage  of  chlorotics,  523 

Marrow  cells,  544 

in  acute  lymphatic  leukemia,  556 

Massage  in  progressive  pernicioiLS  anemia, 
324 

Mast-cell  leukocytosis,  112,  120-122 


Mast-cells,  68 

granules,  104,  105 

halo,  105 

increase,  112,  120-122 
in  leukemia,  132 

in  myeloid  leukemia,  650 
Masturbation,  chlorosis  and,  351 
Mature  cells,  72 
Mayei-'s  apparatus  for  heat  fixation  of  dry 

specimens,  38 
Meat  in  treatment  of  chlorosis,  506 
Megaloblasts,  52,  53 

clinical  features,  56 

in  bone-marrow,  92 

in  progressive  pernicious  anemia,  252 
diagnosis  and,  310 

normoblasts  and,  differentiation,  56 

transformation  of,  into  normoblasts,  57 
Megalocytes  in  progressive  pernicious  ane- 
mia, 250 
Meinert's  theory  of  chlorosis,  354 
Melancholia  in  chlorosis,  439 
Meningitis,  progressive  pernicious  anemia 

and,  differentiation,  315 
Menstruation  in  chlorosis,  358,  427 
amount,  431 
frequency,  428 
urine  elimination  and,  456 

in  progressive  pernicious  anemia,  273 
Mental  state  in  chlorosis,  361 
Mesenteric  glands  in  progressive  pernicious 

anemia,  290 
Metabolic  origin  of  cell-granules,  100,  101 
Metabolism,    changes    in,    in    post-hemor- 
rhagic  anemia,  164 

in  chlorosis,  422,  441 

in  chronic  leukemia,  593 

in  myeloid  leukemia,  656 

in  progressive  pernicious  anemia,  264 

in  simple  chronic  anemia,  223 

of  albumins  in  chlorosis,  444 

of  hemoglobin  in  chlorosis,  447 

of  iron  in  chlorosis,  447,  450 
Methylcne-blue-eosin  for  dried    sjiecimens, 
42,  44 

vital,  Ehrlich's,  98 
MetschnikofT's  phagocytic  theory,  106 
Microblasts,  53 
Microcytes,  51 

in    progressive  perniiioiis   anemia,    251, 
255 
Milk  extract  in  chronic  Iciikcinia,  6 11 

in  treatment  of  chlorosis,  N(>,  507 
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Mineral  baths  in  chlorosis,  520 

Mitral  insufficiency  in  chlorosis,  393 

Morphology  of  blood,  35 

Mouth,  hemorrhage  from,  in  leukemia,  552 

ulcei^ations  of,  in  leukemia,  otJG 
Mucous  membranes  as  indicators  of  quan- 
tity of  blood,  18 
in  acute  leukemia,  swelling,  554 

ulcei"ation,  554 
in  chronic  leukemia,  600 
in  post-hemorrhagic  anemia,  163 
necrosis  of,  in  acute  leukemia,  566 
ulcerations  of,  in  acute  leukemia,  566 
Miiller's  theory  of  eosinophilia,  117 
Munnurs  in  chlorosis,  cardiac,  391 

venous,  399 
Murri's  theory  of  chlorosis,  354 
Muscles  in  progressive  pernicious  anemia, 

282 
Muscular  weakness  in  simple  chronic  ane- 
mia, 222 
Mycosis  fungoides  in  chronic  leukemia,  589 
Myelemia,    109,    645.     See  also  Leukemia, 

myeloid. 
Myelemic  constituents  of  blood,  origin,  135 
Myelocytes,  68,  88 
eosinophile,  69,  88 
in  leukemia,  129 
in  chlorosis,  378 
in  leukemia,  129 

in  metastatic  carcinoma  of  bone-marrow, 
91 
Myelogenic  leukemia,  544 
Myelogenous  leukemia,  541 

seu  medullary  leukemia,  645.     See  also 
Leukemia,  myeloid. 
Myelogonies  in  lymphatic  leukemia,  557 
Myeloid  leukemia,  544, 645.     See  also  Leu- 
kemia, myeloid. 
Myelomatii,  multiple,  625,  633 
Myocardium   degeneration   in    progressive 
pernicious  anemia,  283 

Nails  in  chlorosis,  438 

Necrobiosis,  slow,  376 

Necrosis  in  acute  leukemia,  566 
of  skin  in  acute  leukemia,  552 

Negative  chemotaxis,  107 

Nephritis,    chlorosis    and,    differentiation, 
475 
signs  of,  in  chronic  leukemia,  592 
with  progressive  pernicious  anemia,  308 

Nervous  dyspepsia  in  chlorosis,  406,  408 


Nervous  system  in  chlorosis,  438 
in  chronic  leukemia,  592,  601 

microscopic  appearances,  605 
in  myeloid  leukemia,  662,  666 
in  post-hemorrhagic  anemia,  167 
in  progressive  pernicious  anemia,  273, 
291 
Nerves,  cerebral,  paralysis  of,  in  leukemia, 

553 
Neumann  and  Kolliker's  theory  of  nucle- 
ated red  cells,  53,  54 
Neumann's  theory  of  lymphadenoid   trans- 
formation, 607 
Neuralgia  in  chlorosis,  440 
treatment,  525 
trigeminal,  435 
in  post-hemorrhagic  anemia,  168 
Neuritis,  optic,  in  chlorosis,  435 
Neuroretinitis  in  chlorosis,  435 
Neutral  mixtures  for  blood-staining,  41 

red  for  cell-granules,  98 
Neutrophile  granulations  in  mononuclear 

cells,  68 
Neutrophiles,  eosinophiles  and,  contradic- 
tory behavior,  123 
mononuclear,  in  leukemia,  129 

in  myeloid  leukemia,  649 
polynuclear,  bone-marrow  as  source,  86 
in  progressive  pernicious  anemia,  259 
Nigrosinophiles,  73 

Nikiforoff's  fixative  for  dried  specimen,  38 
Nitrogen  excretion   in   myeloid   levikemia, 
659 
in  post-hemorrhagic  anemia,  165 
in  progressive  pernicious  anemia,  264 
Normoblasts,  52,  53 
clinical  features,  56 
gigantoblasts  and,  differentiation,  56 
in  chlorosis,  375,  448 
in  progressive  pernicious  anemia,  252 

diagnosis  and,  312 
megaloblasts  and,  differentiation,  56 
transformation  of,  into  megaloblasts,  57 
Nothnagel's  case  of  anadenia  ossium,  245 

theory  of  chlorosis,  353 
Nourishment,  insufficient,  anemia  from,  189 
iron,  decrease  of,  anemia  and,  192 
number  of  red  cells  and,  22 
withdrawal,  effects  on  organism,  189 
Nuclear  remnants  in  blood,  fil 
Nucleated  red  corpuscles,  51 
free  nuclei  in,  53,  54 
Nuclein  in  chronic  leukemia,  614 
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Nucleus  of  nucleated  red  cells,  53 
Nutrition  in  chlorosis,  o64,  441,  445 

in  etiology  of  chlorosis,  348 

in  myeloid  leukemia,  655 

in  progressive  pernicious  anemia,  264 

in  prophylaxis  of  chlorosis,  479 

Obesity  with  chlorosis,  diet,  513 

Old  cells,  72 

Olfactory   nerve  in  progressive  pernicious 

anemia,  280 
Oligaimia  vera,  209 
Oligemia,  definition,  17 
Oligochromemia,  definition,  18 

in  chlorosis,  369 

in  simple  chronic  anemia,  219 
Oligocythemia,  definition,  18 

in  chlorosis,  369 
Orbital  swelling  in  chloroma,  577 
Organic  extracts  in  treatment  of  chlorosis, 

503 
Organotherapy    in    progressive    pernicious 

anemia,  317 
Ovarian  extract  in  treatment  of  chlorosis, 

503 
Ovaries  in  chlorosis,  development,  425,  426 
Ovarin  in  treatment  of  chlorosis,  503 
Oxidation    processes    in    post-hemorrhagic 

anemia,  164 
Oxygen  absorption  in  chlorosis,  443 

inhalations  in  chronic  leukemia,  616 
in  progressive  pernicious  anemia,  323 

metabolism  in  acute  leukemia,  560 
Oxyuris  vermicularis,  simple  chronic  ane- 
mia from,  204 
Ozonophores,  101 

Pacini's  fluid  for  counting  red  corpuscles, 

20 
Palate  in  acute  leukemia,  563 
Palpitation  of  heart  in  chlorosis,  388 
Panoptic  staining,  39 
Pappen  helm's  theory  of  nucleated  red  cells, 

55 
Paralysis  in  chronic  leukemia,  593 

of  cerebral  nerves  in  leukemia,  553 

spinal,  in  jjcrnicious  anemia,  275 
Paraplasm  of  liver-cells,  100 
Parasitic  theory  of  chronic  leukemia,  609 
Pelvis  in  chlorosis,  development,  426 
Pemphigus,  eosinophilia  in,  113 
Peripheral  nerves  in  progressive  pernicious 

anemia,  276,  293 


Peritoneum  in  progressive  pernicious  ane- 
mia, 272 
Pessary  fonus,  47 

in  progressive  pernicious  anemia,  25f) 
in  simple  chronic  anemia,  219 
Peyer's  patches  in  chloroma,  579 
Phagocytes,  106 

Phagocytic  theory  of  MetschnikofT,  106 
Pharyngeal    tonsils   in    leukemia,    enlarge- 
ment, 552 
Pharynx  in  acute  leukemia,  563 
Phosphates  in  urine  in  chlorosis,  456 
Phosphoric  acid  in  blood  in  chlorosis,  382 
Phosphorus  in  progressive  pernicious  ane- 
mia, 323 
simple  chronic  anemia  from,  208 
Physiologic  salt  solution,  effects  on  plasma, 
179 
infusion,  177 

intravenous  infusions,  177 
rectal  infusions,  178 
subcutaneous  infusions,  177 
Pia  mater  in  progressive  jiernicious  anemia, 

291 
Pilocarpin,  lymphocytosis  from,  84 
Plasma,  red   corpuscles   and,  relations   of 
volumes,  32 
saline  infusions  and,  179 
Plasmolysis,  55 
Pleum   in   progressive  jiernicious  anemia, 

284 
Pneumonia,  eosinophilia  in,  115 
Poikilocytes  in  anemia,  50 
simple  chronic,  219 
in  chlorosis,  374 
Poikilocytosis  in  anoniia,  50 

in  simple  ciironic  anemia,  219 
Polymorphonuclear  cells,  66 
Positive  chcmotaxis,  107 
Post-febrile  eosinopiiilia,  115 
Potiish  in  blood  in  chlorosis,  382 
Potassium  iodid  in  chronic  leukemia,  614 
Pregnancy  in  unmarried  girls,  chlorosis  and, 
diflerenfiation,  475 
progressive  ])ernicious  anemia  followiii;.', 

23S 
progressive  ])criiicious  anemia  in,  31  1 
(lusserow's  treatment,  31S 
Prot<'i(i   mctal)olisni    in   myeloid    leukemia, 

658 
Protoplasm,  secondary,  of  !ivei-<'ells,  100 
Prurigo,  cfisinophiiia  in,  1I"> 
Pseudo-anemia,  angiospastic,  191 
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Pseudochlorosis,  405 
Pseudoleukemia,  541,  616 

acute  leukemia  from,  622 

age  and,  618,  625 

ana?mia  pscndoleuka?mia  infantium  and, 
differentiation,  625,  628 

anemia  and,  pseudopemicious,  differentia- 
tion, 628 
splenic,  differentiation,  625,  629 

arsenic  in,  637 

blood-picture  in,  617,  619 

bone-marrow  in,  619,  623 

chronic   lymphatic  leukemia  and,  differ- 
entiation, 582 

course,  616,  621 

death  in,  622 

definition,  625 

diagnosis,  625 
differential,  625 

erythrodermie  mycosique  in,  621 

etiology,  624 

fever  in,  622 

glandular  tuberculosis  and,  617 

hard  form,  618,  622 

histologic  structure  of  lymphomata,  623 

internal  organs  in,  621 

iodin  in,  637 

leukemia  and,  acute  lymphatic,  differen- 
tiation, 573 

leukocytes  in,  619 

lymphatic,  582 

leukemia  and,  differentiation,  542,636 
swelling  in,  618 

lymphocytosis  in,  617,  619 

lymphodermia  perniciosa  in,  621 

lymphosarcomatosis  and,  617 
diffierentiation,  631 

myelogenous,  582,  619 

myelomata  and,  multiple,  differentiation, 
625,  633 

pathologic  anatomy,  622 

prognosis,  622,  636 

pseudopemicious    anemia   of    childhood 
and,  differentiation,  625,  628 

relapsing  fever  and,  chronic,  differentia- 
tion, 625,  630 

sex  and,  618,  625 

skin  affections  in,  621 

soft  fonn,  618,  622 

spleen  in,  618,  622 

splenic  anemia  and,  differentiation,  625, 
629 

symptoms,  616 


Pseudoleukemia,  treatment,  636 
z-rays  in,  637,  675 
tuberculosis  and,  626 
z-ray  treatment,  637,  675 
Pseudolymphocytes,  neutrophile,  small,  69 
Pseudopemicious    anemia     of     childhood, 
pseudoleukemia  and,  differentiation,  625, 
628 
Psoriasis,  eosinophilia  in,  113 
Psychic  condition  in  chlorosis,  361,  439 
Psychoses  in  chlorosis,  361,  439 
Pulmonary  tuberculosis,  basophilic  granula- 
tion in,  61 
in  chlorosis,  405 
Purpura  rheumatica  in  chlorosis,  438 
Pycnometric  method  for  blood,  Schmaltz's, 

29 
Pyknosis,  56 

QcANTiTY   of   blood,  18.     See   also  Blood, 

qunntitij. 
Quincke's  estimation  of  blood,  17 
Quinin  in  progressive   pernicious  anemia, 

323 

Red  corpuscles,  anemic  degeneration,  48 
in  simple  chronic  anemia,  219 
basophilic  granulations,  59 
bone-marrow  as  source,  85 
chlorosis,  363 

of  individual  cells,  371 
counting,   in   simple   chronic   anemia, 

211 
estimation,  20 
fallacies,  21 
in  anemics,  25 
form,  47 

granules,  95.     vSee  also  Cell-gramUes. 
Hayera's  fluid  for  counting,  20 
Herz's  method  to  separate,  32 
histology,  47 
in  acute  leukemia,  557 
in  chlorosis,  367 

morphologic  changes,  374 
nucleated,  375 
size,  374 
in  chronic  leukemia,  decrease,  588  • 
in  myeloid  leukemia,  649 

leukocytes  and,  ratio,  651 
in  post-hemorrhagic    anemia,  diminu- 
tion, 158 
diminution,  recovery  and,  160 
morphologic  changes,  160 
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Red   corpuscles  in   progressive  pernicious 
anemia,  diameter,  310 
granular  deposits  in,  254 
number,  !248 

polychromatophilic      degenera- 
tion, 255 
punctate,  303 
punctate  deposits  in,  254 
size,  250,  310 
in  simple  clironic  anemia,  shape,  219 
morphologic  changes,  218 
size,  219 
increase  in,  high  altitudes  and,  500 
Koppe's  method  of  separation,  32 
large,  in  anemia,  50 
nucleated,  51 

free  nuclei  in,  54 
in  chlorosis,  375 
in  leukemia,  133 
nucleus,  53 
number,  21 

age  and,  21,  22 
altitude  and,  22 
climatic  influences,  22 
elevation  and,  22 
nourishment  and,  22 
physiologic  influences,  21,  22 
sex  and,  21 
tropics  and,  25 
vasomotor  influences,  22 
Pacini's  fluid  for,  20 
percentage  voliune,  32 
plasma  and,  relations  of  volumes,  32 
polychromatophilic  degeneration,  48 

in  simple  chronic  anemia,  219 
punctate,  255 
relative  size,  26 

resistance  of,  to  exteinal  injuries,  34 
separating  of,  from  blood,  .')2 
size,  47 

small,  in  anemia,  50 
source,  94 
spleen  in  origin,  81 
value  of,  in  chlorosis,  309 
water  increase  in,  in  [)ost-hemorrhagic 
anemia,  157 
neutral,  for  granules,  98 
Reizimgsformen,  70 
Relapsing  fever,  chronic,  625,  630 
Respiration  in  acute  leukemia,  560 
in  chlorosis,  frequency,  403 
in  myeloid  leukemia,  660 
Respiratory  organs  in  chlorosis,  403 


Respiratory   organs    in    clironic    leukemia, 
600 " 
in  progressive  pernicious  anemia,  270, 
284 

Rest  in  treatment  of  chlorosis,  518 

Retina    in    progressive  pernicious  anemia, 
278 

Riedei-'s  theory  of  eosinophilia,  117 

Rindfleisch's  theory  of  nucleated  "red  cells, 
53,  54 

Ring  bodies,  61 

Rontgen  rays.     See  X-rnyst. 

Rosin's  method  for  counting  blood-platelets, 
140 

Rouleaux  formation  in  progressive  pernic- 
ious anemia,  256 

Rubbings,  cold,  in  chlorosis,  519 

Rupture  of  spleen  in  acute  leukemia,  death 
from,  560 

Russell    and    Brodie's   fluid   for   counting 
blood-platelets,  140 

Salivary  glands  in  chlororaa,  579 
tumor  in  chronic  leukemia,  591 

Salol  in  progressive  pernicious  anemia,  317 

Salt  in  hemorrhage,  173 
'solution,  physiologic,  infusion,  177 

Sarcoma,  eosinoj)hilia  in,  116 
with  chronic  leukemia,  591 

Scavenger  cell,  106 

Schapiro's  theory  of  botlii-iocepbalus  ane- 
mia, 235 

Schmaltz's   capillary   i)ycnometric   metluHl 
for  blood.  29 

Sclimidt's  theory  of  eosinophilia,  119 
of  nuc'leated  red  cells,  55 

Schiicking's  infusion  solution,  179 

Scieritis  in  chlorosis,  435 

Sclerosis,  spinal,  in   progressive    |)ernicious 
anemia,  276 

Seborrliea  in  chlorosis,  437 

Secretions,  glycogen  in,  denionstiiition,  46 

Sense  orgiins  in  clilortKsis,  433 

in  progressive  pernicious  anemia,  278 

Sepsis,  leukemia  and,  131 

Serum,  corj>uscles  of,  specific  gnivily,  31 
in  inyeloitl  leukemia,  654 
separation,  33 

Sex,  chloroma  and,  57*! 

cldorosis  and,  339,  340,  342 
in  diagnosLs  of  chlorosis,  470 
influence  of,  on  number  of  red  cells,  21 
myeloid  leukemia  and,  617 
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Sex,  pseudoleukemia  and,  618,  625 
Sexual  life  in  treatment  of  chlorosis,  5'23 
organs,  development,  chlorosis  and,  471 
organs  in  chlorosis,  364,  425 
development,  425 
in  myeloid  leukemia,  662 
in  progressive  pernicious  anemia,  273 
Shadow  corpuscles,  47 
Siderosis  in  progressive  pernicious  anemia, 

281 
Signs  of  degeneration  in  chlorosis,  426 

in  etiology  of  chlorosis,  346 
Single  staining,  39 
Skeleton  lesions   in  progressive  pernicious 

anemia,  294 
Skin  as  indicator  of  quantity  of  blood,  18 
diseases,  eosinophilia  in,  113 
eruptions  in  chlorosis,  treatment,  526 
in  acute  leukemia,  558 
hemorrhage  into,  552 
necrosis,  552,  567 
ulceration,  567 
in  chlorosis,  363,  436 
anemic,  436 
hyperemic,  437 
pigmented  hypertrophies,  438 
in  chronic  leukemin,  589,  GOl 
hemorrhage  from,  591 
microscopic  appeai-ance,  604 
in  myeloid  leukemia,  661 
in  post-hemorrhagic  anemia,  163 
in  progressive  pernicious  anemia,  262 
in  pseudoleukemia,  621 
in  simple  chronic  anemia,  222 
Smell  in  progressive  pernicious  anemia,  280 
Smith  and  Haldane's  estimation  of  blood, 

19 
Sodium  chlorid  in  blood  in  chlorosis,  382 

in  hemorrhage,  173 
Specific  granular  cells,  97 
of  bone-marrow,  86 
gravity  of  blood,  29 
fluctuations,  31 
Hammerschlag's  method,  29 
hemoglobin  and,  29,  30 
pycnometric  method,  29 
Schmaltz's  method,  29 
of  corpuscles  of  serum,  31 
Speech   disturbances   in    post-hemorrhagic 
anemia,  168 

in  progressive  pernicious  anemia,  274 
Spermatorrhea,    simple      chronic     anemia 
from,  196 


Spermin  in  chronic  leukemia,  614 
Sphygmomanometry  in  chlorosis,  398 
Spinal    affections,    progressive    pernicious 
anemia  and,  differentiation,  315 
cord  in   progressive    pernicious   anemia, 
275,  292 
Spleen,  extirpation  of,  blood  after,  73 
eosinophilia  after,  116 
functions,  81 

in  acute  leukemia,  551,  562,  567 
in  chloronia,  579 
in  chlorosis,  423 
in  chronic  leukemia,  585,  596 

microscopic  appearance,  602 
in  myeloid  leukemia,  659,  664 

myek)id  metamorphosis  and,  664 
in  origin  of  leukocytes,  72 

of  red  corpuscles,  81 
in   progressive   pernicious   anemia,  273, 

291 
in  pseudoleukemia,  618,  622 
rupture  of,  in  acute  leukemia,  death  from, 
560 
Splenectomy,  blood  after,  73 
eosinopliilia  after,  116 
for  myeloid  leukemia,  675 
Splenic  anemia,   pseudoleukemia  and,  dif- 
ferentiation, 625,  629 
extract  in  treatment  of  chlorosis,  503 
Sputum  in  myeloid  leukemia,  660 
Staining  blood  in  simple  chronic  anemia, 
210 
blood-platelets,  140 
chemic,  40 
chloroma  tissue,  580 
combination,  for  granules,  99 
combined,  39 
double,  39,  43 
dried  specimen,  39 
basic,  41,  43 

Chenzinsky's  fluid  for,  44 
combination,  39 

with  acid  stains,  41 
eosin-methylene-blue  for,  42,  44 
hematoxylin  for,  43 
Jenncr's  method,  45 
Leishman's  method,  44 
method,  44 

methylene-blue-eosin  for,  42,  44 
neutral,  41 
triacid,  41 

employment,  43 
Wright's  method,  45 
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Staining  giant-cells  of  bone-marrow,  87,  88 

granules,  cheniic  identity  and,  103 
survival,  99 
triacid  solution  for,  97 
vital,  98 

organisms  of  chronic  leukemia,  010 

panoptic,  39 

single,  39 

triacid,  41,  43 
Stains,  acid,  for  blood,  41 

basic,  41,  43 

Chenzinsky's,  44 

classification,  39 

eosin-methylene-blue,  42,  44 

hematoxylin,  43 

Leishman's,  44 

methylene-blue-eosin,  42,  44 

neutral  mixtures  for  blood,  41 
red  for  cell-granules,  98 

vital  methylene-blue,  Ehrlich's,  98 
Stintzing's  hygroraometry  method,  31 
Stockman's  theory  of  chlorosis,  354 
Stomach,  atony  of,  in  chlorosis,  414 

atrophy  of,  in  progressive  pernicious  ane- 
mia, 287 

carcinoma  of,  progressive  pernicious  ane- 
mia and,  differentiation,  315 
progressive  pernicious  anemia  from,  242 

dilatation  in  chlorosis,  414 

diseases,   progressive   pernicious  anemia 
from,  242 

disturbances  with  chlorosis,  diet,  514 

in  acute  leukemia,  563 

in  chlorosis,  position,  410 

in  progressive  pernicious  anemia,  285 

in  simple  chronic  anemia,  224 

motor  function  of,  in  chlorosis,  416 

pain  in  chlorosis,  406 
Struma  chlorotica,  464 
Succussion  splash  in  chlorosis,  416 
Sugar  in  urine  in  chlorosis,  459 
Supper  for  chlorotics,  511 
Suppuration,  anemia  from,  195 
Suprarenal  extract  in  hemorrhage,  172 
Sweat  baths  in  chlorosis,  522 

secretion  in  chlorosis,  437 
Svpliilis,    progressive     pernicious    anemia 
from,  241 

simple  chronic  anemia  from,  201 
Systolic  murmurs  in  chlorosis,  391 

Tabes  in   progressive   pernicious  anemia, 
275 


Tachypnea  in  chlorosis,  hysteric,  404 
Taenia  mediocanellata,  ddorosis  and,  diag- 
nosis, 472 
saginatae,  simple   clironic   anemia   from, 

207 
solium,  chlorosis  and,  diagnosis,  472 
Tallqvisl's  estimation  of  hemoglobin,  27 
Tarchanoft's  estimation  of  blotnl,  18 
Taste  in  progressive  pernicious  anemia,  280 
Temporal  swelling  in  chloronia,  577 
Thoma-Zeiss  covmting  ajiparatus,  20 
Thoma's  fluid  for  counting  leukocytes,  20 
Thrombosis  in  chlorosis,  400 

prognosis,  469 
Thymus  in  leukemia,  564 
Thyroid  extract  in  chronic  leukemia,  616 
Tincture  of  guaiac  as  stain  for  chloroma 

tissue,  580 
Titration  method  for  alkalinity  of  blood, 

215 
Tobacco,  simple  chronic  anemia  from,  208 
Tongue  in  acute  leukemia,  563 

sensitiveness  of,  in  progressive  pernicious 
anemia,  270 
Tonsils  in  acute  leukemia,  5G3 

laryngeal,  in  leukenna,  enlargement,  552 
Toxins  of  tumors,  simple  chronic  anemia 
from,  203 
simple  chronic  anemia  and,  198,  208 
Trachea  in  chronic  leukemia,  604 
Transfusion    in    post-hemorrhagic   anemia, 
175 
in    treatment   of    progressive    ])emicious 

anemia,  318 
intravenous,  in  post-hemorriiagic  anemia, 
176 
Triacid  solution  in  staining  granules,  97 

staining,  41,  43 
Trichinosis,  eosiiiophilia  in,  114 
Trigeminal  neuralgia  in  chlorosis.  435 
Tropics,    influence    of,   on    inirnlKT  <>f    red 

cells,  25 
Tuberculin,  eosinopliilia  from,  116 
in  chronic  leukemia,  614 
lvmy)hocytosis  after,  84 
simj)le  chronic  anemia  from,  198 
Tuberculosis,  ddorosis  and,  dilierentiation, 
472 
pulimin:iry,  405 
glandular  pseudoleukemia  and.  617 
pseudoleukemia  and,  62<> 
l)ulmonarv,  basopliiiic  t'ranulations  in,  61 
chlorosis  and.  dilTerenliations,  472 
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Tuberculosis  with  myeloid  leukemia,  670 
with  progressive  pernicious  anemia,  308 
Tumoi-s  of  bone-marrow,  malignant,  91 

progressive    pernicious    anemia    and, 
differentiation,  313 
of  gastro-intestinal  tract,  progressive  per- 
nicious anemia  from,  242 
simple  chronic  anemia  from,  202 
Typhoid  fever,  leukopenia  in,  139 

progressive  pernicious  anemia  and,  dif- 
ferentiation, 315 
Tyrosin  in  pernicious  anemia,  266 

Ulcer,  gastric,  with  chlorosis,  -162 

prognosis,  469 
Ulcerations  in  acute  leukemia,  566 
Unconsciousness  in  chlorosis,  526 
Unripe  cell,  95 

Urea  elimination  in  chlorosis,  454 
Urethra   in    acute    leukemia,    hemorrhage 

from,  553 
Uric  acid  excretion  in  acute  leukemia,  559 
in  chlorosis,  454 
in  blood  in  myeloid  leukemia,  654 
in  myeloid  leukemia,  658 
in  progressive  pernicious  anemia,  266 
Urine,    Bence-Jones   body   in,  in    chronic 
leukemia,  593 
in  acute  leukemia,  558 
in  chlorosis,  364,  441,  453 
albumin  in,  457 
ammonia  in,  454 
amount,  455 

conjugate  sulphates  in,  421 
constituents  of  ash,  456 
creatinin  in,  455 
mineral  substances  in,  456 
phosphates  in,  456 
sugar  in,  459 
toxicity,  459 
urea  in,  454 
uric  acid  in,  454 
urobilin  in,  449 
in  chronic   leukemia,  Bence-Jones  body 

in,  593 
in  myeloid  leukemia,  658 
in  pernicious  anemia,  265,  287 
in  posthemorrhagic  anemia,  164 
Urine,  toxicity  of,  Bouchard's  method,  459 
Urobilin  excretion  in  chlorosis,  449 
Urobilinogen  excretion  in  chlorosis,  449 
Urobin  in  pernicious  anemia,  265 
Urotoxic  coefficient,  459 


Urticaria  eosinophilia  in,  113 

in  chlorosis,  437 

with  chronic  leukemia,  589 
Uterus  in  chlorosis,  development,  425,  426 

Vaccixatiox  for  myeloid  leukemia,  675 
Vagina  in  leukemia,  heniorrhiige  from,  553 
Vascular  diseases  in  chronic  leukemia,  592 

system  in  chlorosis,  386 
Vasomotor  influences  on  number  of    red 

cells,  22 
Vegetables  in  prophylaxis  of  chlorosis,  480 

in  treatment  of  chlorosis,  509 
Veins  in  chlorosis,  396,  399 
thrombi  in,  400 

in  progressive  pernicious  anemia,  284 
Venesection  in  chlorosis,  501 
Venous  murmurs  in  chlorosis,  399 
Virchow's  theory  of  chlorosis,  352 
Vital  staining  of  granules,  98 
Vomiting  in  pernicious  anemia,  271 
von  Hosslin's  theory  of  chlorosis,  354 
von  Noorden's  theory  of  chlorosis,  355 

"Water  in  tissues  in  chlorosis,  diet  in,  513 
increase  in  post-hemorrhagic  anemia,  157 

White  corpuscles.     See  Leukocytes. 

Whites  in  chlorosis,  431 

Whooping-cougli,  lymphocytosis  in,  84 

Wiltschur's  theoiy  of  bothriocephalus  ane- 
mia, 235 

Worms,  simple  chronic  anemia  from,  203 

Wright's  coagulometer,  33 
method  for  dry  specimens,  45 

Xanthik  in  blood  in  myeloid  leukemia, 

654 
Xiphoid  cartilage  in  chlorosis,  406 
X-rays  in  heart  examination  in  chlorosis, 
395 
in  lymphatic  leukemia,  676 
in  myelogenous  leukemia,  676 
in  myeloid  leukemia,  675 
conclusions,  678 
duration,  678 
unfavorable  results,  678 
technic,  678 
in  pseudoleukemia,  637,  675 

Young  cells,  72,  94 

Zander's  theory  of  chlorosis,  353 
Zangemeister's  colorimeter,  27 
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tion. In  fact,  the  pictorial  feature  of  the  work  forms  a  complete  atlas  of  pathologic 
anatomy  and  histology. 


OPINIONS  OF  THE   MEDICAL  PRESS 


Quarterly  Medical  Journal,  Sheffield,  England 

"  As  to  the  illustrations,  we  can  only  say  that  whilst  all  of  them  are  good,  most  of  them 
are  really  beautiful,  and  for  them  alone  the' book  is  worth  having.  Both  colored  and  plain, 
they  are  distributed  so  profusely  as  to  add  very  largely  to  the  interest  of  the  reader  and  to 
help  the  student." 

American  Medicine 

"  It  is  especially  praiseworthy  and  valuable  in  that  throughout  pathologic  problems  are 
treated  with  particular  reference  to  their  bearings  upon  practical  medicine  and  surgery." 

The  Lancet,  London 

"  The  illustrations,  plain  and  colored,  throughout  the  whole  work  are  excellent,  and  they  add 
considerably  to  the  value  of  a  thoroughly  trustworthy  text-book  of  pathology." 


PATHOLOGY. 


Stengers 
Text-Book  of  Pathology 

Recently  Issued — Fourth  Edition,  Thoroughly  Revised 


A  Text=Book  of  Pathology.  By  Alfred  Stengel,  M.  D.,  Professor 
of  Clinical  Medicine  in  the  University  of  Pennsylvania.  Octavo  volume 
of  933  pages,  with  394  text-illustrations,  many  in  colors,  and  7  full-page 
colored  plates.     Cloth,  $5.00  net  ;  Sheep  or  Half  Morocco,  $6.00  net. 

WITH  394  TEXT-CUTS,  MANY  IN  COLORS,  AND  7  COLORED  PLATES 

In  this  work  the  practical  application  of  pathologic  facts  to  clinical  medicine 
is  considered  more  fully  than  is  customary  in  works  on  pathology.  While  the 
subject  of  pathology  is  treated  in  the  broadest  way  consistent  with  the  size  of  the 
book,  an  effort  has  been  made  to  present  the  subject  from  the  point  of  view  of  the 
clinician.  In  the  second  part  of  the  work  the  pathology  of  individual  organs  and 
tissues  is  treated  systematically  and  quite  fully  under  subheadings  that  clearly 
indicate  the  subject-matter  to  be  found  on  each  page.  In  this  edition  the  section 
dealing  with  General  Pathology  has  been  most  extensively  revised,  several  of  the 
important  chapters  having  been  practically  rewritten.  A  very  useful  addition 
is  an  Appendix  treating  of  th  technic  of  pathologic  methods,  giving  briefly  the 
most  important  methods  at  present  in  use  for  the  study  of  pathology,  including, 
however,  only  those  methods  capable  of  giving  satisfactory  results.  The  book 
will  be  found  to  maintain  fully  its  popularity. 


PERSONAL  AND   PRESS  OPINIONS 


William  H.  Welch.  M.  D., 

Professor  of  Pathology,  Johns  Hopkins   University,   Baltimore,  Md. 

"  I  consider  the  work  abreast  of  modern  pathology,  and  useful  to  both  students  and  practi- 
tioners. It  presents  in  a  concise  and  well-considered  form  the  essential  facts  of  general  and 
special  pathologic  anatomy,  with  more  than  usual  emphasis  upon  pathologic  physiology'. 

Ludvig  Hektoen.  M.  D., 

Professor  of  Pathology,  Rush  Medical  College,  Chicago. 

"  I  regard  it  as  the  most  serviceable  text-book  for  students  on  this  subject  yet  written  by  an 
American  author." 

The  Lancet.  London 

"This  volume  is  intended  to  present  the  subject  of  pathology  in  as  practic.il  a  form  as  pos- 
sible, and  more  especially  from  the  point  of  view  of  the  'clinical  pathologist.'  These  subjecU 
have  been  faithfully  carried  out,  and  avahiable  text-book  is  the  result.  We  can  most  favorably 
recommend  it  to  our  readers  as  a  thoroughly  practical  work  on  clinical  pathology. 


SAUNDERS'   BOOKS    ON 


Dtirck  and  Hektoen's 

General  Pathologic  Histology 

Atlas  and   Epitome  of   General   Pathologic  Histology.      By   Pr. 

Dr.  H.  Durck,  of  Munich.  Edited,  with  additions,  by  Ludvig  Hek- 
TOEN,  M.  D.,  Professor  of  Pathology  in  Rush  Medical  College,  Chicago, 
172  colored  figures  on  yj  lithographic  plates,  36  text-cuts,  many  in 
colors,  and  353  pages.    Cloth,  $5 .00  net.  ///  SmiiidLrs'  Hand-Atlas  Scries. 

A   NEW   VOLUME— JUST   ISSUED 

This  new  Atlas  will  be  found  even  more  valuable  than  the  two  preceding 
volumes  on  Special  Pathologic  Histology,  to  which,  in  a  manner,  it  is  a  com- 
panion work.  The  text  gives  the  generally  accepted  views  in  regard  to  the  signifi- 
cance of  pathologic  processes,  explained  in  clear  and  easily  understood  language. 
The  lithographs  in  some  cases  required  as  many  as  twenty-six  colors  to  reproduce 
the  original  painting.      Dr.  Hektoen  has  made  many  additions  of  great  value. 

W.  T.  Councilman,  M.  D., 

Professor  of  Pathologic  Anatomy,  Harvard  University. 

"  I  have  seen  no  plates  which  impress  me  as  so  truly  representing  histologic  appearances 
as  do  these.     The  book  is  a  valuable  one." 

Barton  and  Wells' 
Medical  Thesaurus 


A  Thesaurus  of  Medical  Words  and  Phrases.  By  Wilfred  M. 
Barton,  M.  D.,  Assistant  to  Professor  of  Materia  Medica  and  Thera- 
peutics, Georgetown  University,  Washington,  D.  C. ;  and  Walter  A. 
Wells,  M.  D.,  Demonstrator  of  Laryngology,  Georgetown  University, 
Washington,  D.  C.  i2mo  of  534  pages.  Flexible  leather,  ;^2.50  net; 
with  thumb  index,  $3.00  net. 

A  UNIQUE   WORK— RECENTLY  ISSUED 

This  is  the  only  Medical  Thesaurus  ever  published.  It  is  the  reverse  of  a 
dictionary  ;  that  is,  when  the  meaning  or  idea  is  in  the  mind  the  Thesaurus 
endeavors  to  supply  the  fitting  term  or  phrase  to  express  that  idea.  Its  use  to 
writers  and  speakers  is  evident. 

Boston  Medic&l  and  Surg[ical  Journal 

"  We  can  easily  see  the  value  of  such  a  book,  and  can  certainly  recommend  it  to  our 
readers." 


PATHOLOGY. 


McFarland*s 
Text- Book  of  Pathology 


A  Text=Book  of  Pathology.  By  Joseph  McFarland,  M.  D.,  Pro- 
fessor of  Pathology  and  Bacteriology  in  the  Medico-Chirurgical  Col- 
lege of  Philadelphia ;  Pathologist  to  the  Medico-Chirurgical  Hospital, 
Philadelphia.  Handsome  octavo  of  8i8  pages,  with  350  illustrations, 
many  in  colors.     Cloth,  ^5.00  net;   Sheep  or  Half  Morocco,  $6.00  net. 

RECENTLY    ISSUED— BEAUTIFULLY   ILLUSTRATED 

This  entirely  new  work  is  a  plain  account  of  the  natural  history  of  disease,  and 
covers  the  field  thoroughly,  accurately,  and  completely.  IJeing  the  work  of  a 
teacher  who,  as  such,  is  eminently  familiar  .vith  the  needs  of  students,  it  is  arranged 
in  a  manner  and  written  in  a  style  best  suited  to  teaching  purposes.  Unlike  most 
works  on  pathology,  it  treats  the  subject,  not  from  the  professor's  point  of  view, 
but  from  that  of  the  student,  the  author  ever  aiming  to  render  most  easy  of  com- 
prehension the  many  difficult  theories  of  the  science.  The  text  is  admirably  eluci- 
dated by  numerous  excellent  illustrations,  many  of  them  having  been  especially 
drawn.      Indeed,  this  book  of  Dr.  McFarland' s  will  be  found  of  inestimable  value. 


OPINIONS  OF  THE   MEDICAL  PRESS 


American  Medicine 

"  We  feel  confident  in  saying  no  other  recent  treatise,  not  encyclopeiiic  in  cliaracter  on  any 
subject,  contains  so  much  direct  and  correlated  inlbrination  on  the  branch  with  whicli  it  deals." 

Medical  Record,  New  York 

"  The  long  teaching  experience  which  Dr.  McFarland  has  had  has  well  (jualifii-d  him  for 

the  task  of  writing  a  text-book,  .   .    .  and  he  lias  done  it  well." 

Medical  News,  New  York 

"This  is  truly  an  excellent  text-book.  .  .  .  The  illustrations  are  numerous  and  are  excep- 
tionally good." 


SAUNDERS'    BOOKS   ON 


GET  A  •  THE  NEW 

THE  BEST  i\  m  e  r  1  C  Si  n  standard 

Illustrated   Dictionary 

Third  Revised  Edition — Recently  Issued 


The  American  Illustrated  Medical  Dictionary.  A  new  and  com- 
plete dictionary  of  the  terms  used  in  Medicine,  Surgery,  Dentistry, 
Pharmacy,  Chemistry,  and  kindred  branches;  with  over  lOO  new  and 
elaborate  tables  and  many  handsome  illustrations.  By  W.  A.  Newman 
Borland,  M.  D.,  Editor  of  "  The  American  Pocket  Medical  Diction- 
ary." Large  octavo,  nearly  800  pages,  bound  in  full  flexible  leather. 
Price,  $4.50  net;  with  thumb  index,  $5.00  net. 

Gives  a  Maximum  Amount  of  Matter  in  a  Minimum  Space,  and  at  the  Lowest 

Possible  Cost 

THREE  EDITIONS  IN  THREE  YEARS— WITH   15OO  NEW  TERMS 

The  immediate  success  of  this  work  is  due  to  the  special  features  that  distin- 
guish it  from  other  books  of  its  kind.  It  gives  a  maximum  of  matter  in  a  mini- 
mum space  and  at  the  lowest  possible  cost.  Though  it  is  practically  unabridged, 
yet  by  the  use  of  thin  bible  paper  and  flexible  morocco  binding  it  is  only  i}( 
inches  thick.  The  result  is  a  truly  luxurious  specimen  of  book-making.  In  this 
new  edition  the  book  has  been  thoroughly  revised,  and  upward  of  fifteen  hundred 
new  terms  that  have  appeared  m  recent  medical  literature  have  been  added,  thus 
bringing  the  book  absolutely  up  to  date.  The  book  contains  hundreds  of  terms 
not  to  be  found  in  any  other  dictionary,  over  100  original  tables,  and  many  hand- 
some illustrations,  a  number  in  colors. 


PERSONAL   OPINIONS 


Howard  A.  Kelly,  M.  D.. 

Professor  of  Gynecology,  Johns  Hopkins  University ,  Baltitnore. 

"  Dr.  Borland's  dictionary  is  admirable.     It  is  so  well  gotten  up  and  of  such  convenient 
size.     No  errors  have  been  found  in  my  use  of  it." 

Roswell  Park,  M.  D., 

Professor  of  Principles  and  Practice  of  Surgery  and  of  Clinical  Surgery,  University  of 

Buffalo. 
"  I  must  acknowledge  my  astonishment  at  seeing  how  much  he  has  condensed  within  rela- 
tively small  space.     I  find  nothing  to  criticize,  very  much  to  commend,  and  was  interested  in 
finding  some  of  the  new  words  which  are  not  in  other  recent  dictionaries." 


EMBRYOLOGY. 


Heisler*s 
Text-Book  of  Embryology 

Second  Edition,  Thoroughly  Revised 


A  Text=Book  of  Embryology.  By  John  C.  Heisler,  M.  D.,  Pro- 
fessor of  Anatomy  in  the  Medico-Chirurgical  College,  Philadelphia. 
Octavo  volume  of  405  pages,  with  196  illustrations,  32  of  them  in 
colors.     Cloth,  ^2.50  net. 

WITH    196   ILLUSTRATIONS.   32   IN   COLORS 

The  fact  of  embryology  having  acquired  in  recent  years  such  great  interest 
in  connection  with  the  teaching  and  with  the  proper  comprehension  of  human 
anatomy,  it  is  of  first  importance  to  the  student  of  medicine  that  a  concise  and 
yet  sufficiently  full  text-book  upon  the  subject  be  available.  In  its  first  edition 
this  work  met  this  want  most  admirably,  and  in  its  present  form  it  will  prove  even 
more  valuable.  The  work  has  been  thoroughly  revised,  and  such  additions  have 
been  made  as  the  progress  of  the  science  has  rendered  necessary.  Moreover,  the 
entire  work  has  been  generally  improved.  The  chapter  treating  of  the  Deciduae 
and  the  Placenta  has  been  rewritten,  as  has  also  the  greater  part  of  that  upon  the 
Chorion.    In  addition  to  these  changes,  several  new  illustrations  have  been  added. 


PERSONAL  AND   PRESS  OPINIONS 


G.  Carl  Huber.  M.  D.. 

Professor  of  Histology  and  Embryology,  University  of  Michigan,  Ann  Arbor. 
"  I  find  the  second  edition  of  '  A  Text-Book  of  Embryology'  by  Dr.  Heisler  .-in  improve- 
ment on  the   first.     The   figures  added   increase   greatly  the  value  of  the  work.     I  am  again 
recommending  it  to  our  students." 

William  Wathen.  M.  D., 

Professor  of  Obstetrics,  Abdominal  Surgery,  and  Gynecology,  and  Dean,  Kentucky  School  of 

Medicine,  Louisville,  Ky. 
"  It  is  systematic,  scientific,  full  of  simplicity,  and  just  such  a  work  as  a  medical  student 
will  be  able  to  comprehend." 

Birmingham  Medical  Review.  England 

"  We  can  most  confulcntly  recommend  Dr.  Ileisler's  book  to  the  student  of  biology  or 
medicine  for  his  careful  study,  if  his  aim  be  to  acquire  a  sound  and  practical  acquaintance  with 
the  subject  of  embryology." 


SAUNDERS'    BOOKS    ON 


Mallory  am)  Wright's 
Pathologic  Technique 

Just  Issued — Third  Edition,  Revised  and  Enlarged 


Pathologic  Technique.  A  Practical  Manual  for  Workers  in  Patho- 
logic Histology,  including  Directions  for  the  Performance  of  Autopsies 
and  for  Clinical  Diagnosis  by  Laboratory  Methods.  By  Frank  B. 
Mallory,  M.  D.,  Associate  Professor  of  Pathology,  Harvard  Univer- 
sity; and  James  H.  Wright,  M.  D.,  Director  of  the  Clinico-Pathologic 
Laboratories,  Massachusetts  General  Hospital.  Octavo  of  469  pages, 
with  138  illustrations.      Cloth,  $3.00  net. 

WITH  CHAPTERS  ON  POST-MORTEM  TECHNIQUE  AND  AUTOPSIES 

In  revising  the  book  for  the  new  edition  the  authors  have  kept  in  view  the 
needs  of  the  laboratory  worker,  whether  student,  practitioner,  or  pathologist,  for 
a  practical  manual  of  histologic  and  bacteriologic  methods  in  the  study  of  patho- 
logic material.  Many  parts  have  been  rewritten,  many  new  methods  have  been 
added,  and  the  number  of  illustrations  has  been  considerably  increased.  Among 
the  many  changes  and  additions  may  be  mentioned  the  amplification  of  the  de- 
scription of  the  Parasite  of  Actinomycosis  and  the  insertion  of  descriptions  of  the 
Bacillus  of  Bubonic  Plague,  of  the  Parasite  of  Mycetoma,  and  Wright's  methods 
for  the  cultivation  of  Anaerobic  Bacteria.  There  have  also  been  added  new 
staining  methods  for  elastic  tissue  by  Weigert,  for  bone  by  Schmorl,  and  for  con- 
nective tissue  by  Mallory.  The  new  edition  of  this  valuable  work  keeps  pace 
with  the  great  advances  made  in  pathology,  and  will  continue  to  be  a  most  useful 
laboratory  and  post-mortem  guide,  full  of  practical  information. 


PERSONAL  AND   PRESS  OPINIONS 


Wm.  H.  Welch,  M.  D., 

Professor  of  Pathology,  Johns  Hopkins  University,  Baltimore. 

"  I  have  been  looking  forward  to  the  publication  of  this  book,  and  I  am  glad  to  say  that  I 
find  it  a  most  useful  laboratory  and  post-mortem  guide,  full  of  practical  information  and  well 
up  to  date." 

Boston  Medical  and  Surgical  Journal 

■  This  manual,  since  its  first  appearance,  has  been  recognized  as  the  standard  guide  in  patho- 
logical technique,  and  has  become  well-nigh  indispensable  to  the  laboratory  worker." 

Journal  of  the  American  Medical  Association 

•  One  of  the  most  complete  works  on  the  subject,  and  one  which  should  be  in  the  library 
of  every  physician  who  hopes  to  keep  pace  with  the  great  advances  made  in  pathology." 


HISTOLOGY. 


Bohm,  Davidoff,  and 
Huber's  Histology 


A  Text=Book  of  Human  Histology.  Including  Microscopic  Tech- 
nic.  By  Dr.  A.  A.  Bohm  and  Dr.  M.  vox  Davidoff,  of  Munich,  and 
G.  Garl  Huber,  M.  D.,  Professor  of  Histology  and  Embryology  in 
the  University  of  Michigan,  Ann  Arbor.  Handsome  octavo  of  528 
pages,  with  361  beautiful  original  illustrations.    Flexible  cloth,  $3.50  net. 

JUST    ISSUED— NEW  (2d)   EDITION.  ENLARGED 

The  work  of  Drs.  Bohm  and  Davidoff  is  well  known  in  the  German  edition, 
and  has  been  considered  one  of  the  most  practically  useful  books  on  the  subject 
of  Human  Histology.  The  excellence  of  the  text  and  illustrations,  attested  by  all 
familiar  with  the  work,  and  the  cordial  reception  which  it  has  received  from  both 
students  and  investigators,  justify  the  belief  that  an  I^nglish  translation  will  meet 
with  approval  from  American  and  English  teachers  and  students.  This  second 
edition  has  been  in  great  part  rewritten  and  very  much  enlarged  by  Dr.  Huber, 
who  has  also  added  over  one  hundred  original  illustrations.  Dr.  Huber's  exten- 
sive additions  have  rendered  the  work  the  most  complete  students'  text-book  on 
Histology  in  existence.  The  book  contains  particularly  full  and  explicit  instructions 
in  the  matter  of  technic,  and  it  will  undoubtedly  prove  of  the  utmost  value  to 
students  and  practical  workers  in  the  Histologic  Laboratory.  Special  attention  is 
called  to  the  fulness  of  the  text,  the  large  amount  of  matter  on  technic,  and  the 
numerous  handsome  illustrations.      This  edition  is  bound  in  tlexible  cloth. 


OPINIONS  OF  THE    MEDICAL  PRESS 


British  Medical  Journal 

"  The  comhincil  authorship  of  so  many  distinguished  men  has  led  to  the  production  of  a  most 
valuable  work.  The  illustrations  are  most  beautiful,  and  beautifully  executed,  and  their  study 
will  be  an  education  in  themselves." 

Boston  Medical  and  Surgical  Journal 

"  Is  unquestionably  a  text-book  of  the  first  rank,  having  been  carefully  written  by  thorough 
masters  of  the  subject,  and  in  certain  directions  it  is  much  superior  to  any  other  histological 
manual." 

American  Medicine 

"  It  is  recognized  as  the  highest  authority  in  Germany.  ...  A  book  on  histology  which 
surpasses  anything  of  its  kind  now  in  print." 


SAUNDERS'    BOOKS    ON 


McFarland's 
Patho£(enic  Bacteria 

Fourth  Edition,  Rewritten  and  Enlarged 


A  Text=Book  Upon  the  Pathogenic  Bacteria.  By  Joseph  McFar- 
LAND,  I\I.  D.,  Professor  of  Pathology  and  Bacteriology  in  the  Medico- 
Chirurgical  College  of  Philadelphia,  Pathologist  to  the  Medico-Chirur- 
gical  Hospital,  Philadelphia,  etc.  Octavo  volume  of  629  pages,  finely 
illustrated.     Cloth,  ^3.50  net. 

RECENTLY   ISSUED 

This  book  gives  a  concise  account  of  the  technical  procedures  necessary  in  the 
study  of  bacteriology,  a  brief  description  of  the  life-history  of  the  important  patho- 
genic bacteria,  and  sufficient  description  of  the  pathologic  lesions  accompanying 
the  micro-organismal  invasions  to  give  an  idea  of  the  origin  of  symptoms  and  the 
causes  of  death.  The  illustrations  are  mainly  reproductions  of  the  best  the  world 
affords,  and  are  beautifully  and  accurately  executed.  Although  but  a  short  time 
has  elapsed  since  the  appearance  of  the  previous  edition,  extensive  progress  has 
been  made  in  the  subjects  of  which  it  treats.  In  this  edition,  therefore,  the  entire 
work  has  been  practically  rewritten,  old  matter  eliminated,  and  much  new  matter 
inserted.  The  chapters  upon  Infection  and  Immunity  have  been  greatly  extended 
by  the  addition  of  the  many  new  facts  recently  added  to  our  knowledge.  The 
value  of  the  work  has  been  considerably  enhanced  by  the  introduction  of  a  large 
number  of  references  to  the  literature. 


PERSONAL  AND    PRESS  OPINIONS 


H.  B.  Anderson,  M.  D.. 

Professor  0/  Pathology  and  Bacteriology,  Trinity  Medical  College,  Toronto. 
"  The  book  is  a  satisfactory  one,  and  I  shall  take  pleasure  in  recommending  it  to  the  students 
of  Trinity  College." 

The  Lancet,  London 

"  It  is  excellently  adapted  for  the  medical  students  and  practitioners  for  whom  it  is  avowedly 
written.  .  .  .  The  descriptions  given  are  accurate  and  readable,  and  the  book  should  prove 
useful  to  those  for  whom  it  is  written." 

New  York  Medical  Journal 

"The  author  has  succeeded  admirably  in  presenting  the  essential  details  of  bacteriological 
technic,  together  with  a  judiciously  chosen  summary  of  our  present  knowledge  of  pathogenic 
bacteria.  .  .  .  The  work,  we  think,  should  have  a  wide  circulation  among  English-speaking 
students  ol  medicine." 


BA  CTERIOL OGY  AND  PA  THOL OGY. 


Eyre*s 
Bacteriolog(ic  Technique 


The  Elements  of  Bacteriologic  Technique.  A  Laboratoiy  Guide 
for  the  Medical,  Dental,  and  Technical  Student.  By  J.  \V.  H.  Evre, 
M.  D.,  F.  R.  S.  Edin.,  Bacteriologist  to  Guy's  Hospital,  London,  and 
Lecturer  on  Bacteriology  at  the  Medical  and  Dental  Schools,  etc. 
Octavo  volume  of  375  pages,  with  170  illustrations.     Cloth,  $2.50  net. 

FOR   MEDICAL,  DENTAL,  AND   TECHNICAL   STUDENTS 

This  book  presents,  concisely  yet  clearly,  the  various  methods  at  present  in 
use  for  the  study  of  Ijacteria,  and  elucidates  such  points  in  their  life-histories  as 
are  debatable  or  still  undetermined.  It  includes  only  those  methods  that  are 
capable  of  giving  satisfactory  results  even  in  the  hands  of  beginners.  The  illus- 
trations are  numerous  and  practical.  The  work  is  designed  with  the  needs  of  the 
technical  student  generally  constantly  in  view. 

The  Lancet,  London 

"  Stamped  throughout  with  evidence  that  the  writer  is  a  practical  teacher,  and  the  directions 
are  more  clearly  given  .   .   .   than  in  any  previous  work." 

Warren's 

Pathology   and   Therapeutics 

Surgical  Pathology  and  Therapeutics.  By  John  Collins  Warren, 
M.  D.,  LL.D.,  F.  R.  C.  S.  (Hon.),  Professor  of  Surgery,  Harvard  Medical 
School.  Octavo,  873  pages,  136  relief  and  lithographic  illustrations,  33 
in  colors.  With  an  Appendi.K  on  Scientific  Aids  to  Surgical  Diagnosis 
and  a  series  of  articles  on  Regional  Bacteriology.  Cloth,  SS-OO  net ; 
Sheep  or  Half  Morocco,  ;^6.oo  net. 

SECOND    EDITION.  WITH   AN   APPENDIX 

In  the  second  edition  of  this  book  all  the  imjiortant  changes  have  been  em- 
bodied in  a  new  Appendix.  In  addition  to  an  eninncration  of  the  .scientific  aids  to 
surgical  diagnosis  there  is  presented  a  series  of  sections  on  regional  l)actcriol<)gy, 
in  which  are  given  a  description  of  the  flora  of  the  affected  part,  and  the  general 
principles  of  treating  the  affections  they  produce. 

Roswell   Park,  M.  D., 

In  the  Harvard  Graduate  Ma^^azine. 

"  I  think  it  is  the  most  creditable  hook  on  surpical  patholopy,  and  the  most  beautiful  medical 
illustration  of  the  bookmakers'  art  that  lias  ever  been  issued  from  the  .American  press. 
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Dtirck  am)  Hektoen's 

Special    P&tholo^ic   nistolog(y 

Atlas  and  Epitome  of  Special  Pathologic  Histology.     By  Dr.  H. 

DiJRCK,  of  Munich.  Edited,  with  additions,  by  Ludvig  Hektoen,  M.  D., 
Professor  of  Pathology,  Rush  Medical  College,  Chicago.  In  two  parts. 
Part  I. — Circulatory,  Respiratory,  and  Gastro-intestinal  Tracts.  120 
colored  figures  on  62  plates,  and  158  pages  of  text.  Part  II. — Liver, 
Urinary  and  Sexual  Organs,  Nervous  System,  Skin,  Muscles,  and 
Bones.  123  colored  figures  on  60  plates,  and  192  pages  of  text.  Per 
part :   Cloth,  ^3.00  net.     ///  Saunders'  Hand-Atlas  Scries. 

The  great  value  of  these  plates  is  that  they  represent  in  the  e.xact  colors  the  effect 
of  the  stains,  which  is  of  such  great  importance  for  the  differentiation  of  tissue. 
The  text  portion  of  the  book  is  admirable,  and,  while  brief  it  is  entirely  satisfac- 
tory in  that  the  leading  facts  are  stated,  and  so  stated  that  the  reader  feels  he  has 
grasped  the  subject  extensively. 

William  H.  Welch,  M.  D., 

Professor  of  Pathology,  Johns  Hopkins  University ,  Baltimore. 

"I  consider  Diirck's  'Atlas  of  Special  Pathologic  Histology,'  edited  by  Hektoen,  a  very- 
useful  book  for  students  and  others.     The  plates  are  admirable." 

Sobotta  am)  Huber*s 
Human  Histolo^ 

Atlas  and  Epitome  of  Human  Histology.  By  Privatdocent  Dr. 
J.  Sobotta,  of  Wurzburg.  Edited,  with  additions,  by  G.  Carl  Huber^ 
M.  D.,  Professor  of  Histology  and  Embryology  in  the  University  of 
Michigan,  Ann  Arbor.  With  214  colored  figures  on  80  plates,  68 
text-illustrations,  and  248  pages  of  text.  Cloth,  54-50  net.  In 
Saunders'  Hand-Atlas  Series. 

INCLUDING   MICROSCOPIC   ANATOMY 

The  work  combines  an  abundance  of  well-chosen  and  most  accurate  illustra- 
tions, with  a  concise  text,  and  in  such  a  manner  as  to  make  it  both  atlas  and  text- 
book. The  great  majority  of  the  illustrations  were  made  from  sections  prepared 
from  human  tissues,  and  always  from  fresh  and  in  every  respect  normal  specimens. 
The  colored  lithographic  plates  have  been  produced  with  the  aid  of  over  thirty  colors. 

Boston  Medical  and  Surgical  Journal 

"  In  color  and  proportion  they  are  characterized  by  gratifying  accuracy  and  lithographic 
bcautv." 


PHYSIOLOGY. 


Howell's  Physiology 


American  Text=Book  of  Physiology.  In  two  volumes.  Edited  by 
William  H.  Howell,  Ph.D.,  M.  D.,  Professor  of  Physiology  in  the 
Johns  Hopkins  University,  Baltimore,  Md.  Two  royal  octa\'o  volumes 
of  about  600  pages  each,  fully  illustrated.  Per  volume  :  Cloth,  $3.00 
net;  Sheep  or  Half  Morocco,  33-75  net. 

SECOND    EDITION.   REVISED   AND    ENLARGED 

Even  in  the  short  time  that  has  elapsed  since  the  first  edition  of  this  work 
there  has  been  much  progress  in  Physiology,  and  in  this  edition  the  book  has  been 
thoroughly  revised  to  keep  pace  with  this  progress.  The  chapter  upon  the  Cen- 
tral Nervous  System  has  been  entirely  rewritten.  A  section  on  Physical  Chem- 
istry forms  a  valuable  addition,  since  these  views  are  taking  a  large  part  in  current 
discussion  in  physiologic  and  medical  literature. 

The  Medical  News 

"  The  work  will  stand  as  a  work  of  reference  on  physiology.  To  him  who  desires  to  know 
the  status  of  modern  physiology,  who  expects  to  obtain  suggestions  as  to  further  physiologic 
inquiry,  we  know  of  none  in  English  which  so  eminently  meets  such  a  demand." 

Stewart's  Physiology 


A  Manual  of  Physiology,  with  Practical  Exercises.  For  Students 
and  Practitioners.  By  G.  N.  Stewart,  M.  A..  M.  D.,  D.  Sc,  Professor 
of  Physiology  in  the  University  of  Chicago,  Chicago.  Octavo 
volume  of  894  pages,  with  336  illustrations  and  5  colored  plates. 
Cloth,  $1-']^  net. 

FOURTH    REVISED    EDITION 

This  work  is  written  in  a  plain  and  attractive  style  that  renders  it  particularly 
suited  to  the  needs  of  students.  The  systematic  portion  is  so  treated  that  it  can 
be  used  independently  of  the  practical  exercises,  which  constitute  an  important 
feature  of  the  book.  In  the  present  edition  a  considerable  amount  of  new  matter 
has  been  added,  especially  to  the  chapter  on   The  Central  Nervous  System. 

Philadelphia  Medical  Journal 

"  Those  familiar  with  the  attainments  of  Prof.  Stewart  as  an  original  invcstig.ilor,  as  a 
teacher  and  a  writer,  need  no  assurance  that  in  this  volume  lie  has  prcsentc<l  in  a  terse,  concise, 
accurate  manner  the  essential  and  best  established  facts  of  ph\siol<iL'v  in  a  mos"  attractive 
manner." 
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Levy  and  Klemperer's 
Clinical  Bacteriolo^ 

The  Elements  of  Clinical  Bacteriology.  By  Drs.  Ernst  Levy  and 
Felix  Klemperek,  of  the  University  of  Strasburg.  Translated  and 
edited  by  Augustus  A.  Eshner,  M.  D.,  Professor  of  Clinical  Medicine, 
Philadelphia  Polyclinic.  Octavo  volume  of  440  pages,  fully  illustrated. 
Cloth,  $2.50  net. 

S.  Solis-Cohen,  M.  D.. 

Senior  Assistant  Professor  of  Clinical  Medicine,  Jefferson  Medical  College,  Phila. 
"  I  consider  it  an  excellent  book.      I  have  recommended  it  in  speaking  to  my  students." 

Lehmann,  Neumann,  and 
Weaver's  Bacteriology 

Atlas  and  Epitome  of  Bacteriology :  including  a  Text-Book  of 
Special  Bacteriologic   Diagnosis.     By  Prof.  Dr.  K.  B.  Lehmann 

and  Dr.  R.  O.  Neumann,  of  Wiirzburg.  From  the  Second  Revised  and 
Enlarged  German  Edition.  Edited,  with  additions,  by  G.  H.  Weaver, 
M.  D.,  Assistant  Professor  of  Pathology  and  Bacteriology,  Rush  Medical 
College,  Chicago.  In  two  parts.  Part  I. — 632  colored  figures  on  69 
lithographic  plates.  Part  II. — 511  pages  of  text,  illustrated.  Per  part: 
Cloth,  $2.50  net.     ///  Saunders'  Hand-Atlas  Series. 

The  Lancet,  London 

"  We  have  found  the  work  a  more  trustworthy  guide  for  the  recognition  of  unfamiliar 
species  than  any  with  which  we  are  acquainted." 

Stengel  and  White  on  Blood 

The  Blood  in  its  Clinical  and  Pathologic  Relations.  By  Alfred 
Stengel,  M.  D.,  Professor  of  Clinical  Medicine  in  the  University  of 
Pennsylvania ;  and  C.  Y.  White,  Jr.,  M.  D.,  Instructor  in  Chnical 
Medicine  in  the  University   of  Pennsylvania.     /;/  Preparatio)i . 

This  work  will  deal  with  the  blood  in  its  clinical  and  pathologic  relations.  It 
will  be  beautifully  illustrated,  and  will  represent  the  latest  knowledge  on  the  sub- 
jects, concisely  and  clearly  expressed. 


PATHOLOGY,  BACTERIOLOGY,  AND   PHYSIOLOGY. 


Senn*S    Tumors  second  Revbed  E^ditlon 

Pathology  and  Surgical  Treatment  of  Tumors.  By  Nicholas 
Senn,  M.  D.,  Ph.  D.,  LL.D.,  Professor  of  Surgery,  Rush  Medical  Col- 
lege, Chicago.  Handsome  octavo,  718  pages,  with  478  engravings, 
including  12  full-page  colored  plates.  Cloth,  $5.00  net;  Sheep  or  Half 
Morocco,  $6.00  net. 

"  The  most  exhaustive  of  any  recent  book  in  English  on  this  subject.  It  is  well  illus- 
trated, and  will  doubtless  remain  as  the  principal  monoj,'rnph  on  the  subject  in  our 
language  for  some  years." — Journal  of  the  American  Medical  Association. 

Stoney-s  Bacteriology  and  Technic  ^,^U"TL.. 

Bacteriology  and  Surgical  Technic  for  Nurses.  By  Emily  M.  A. 
Stoney,  Superintendent,  Carney  Hospital,  Mass.  Revised  by  Frederic 
R.  Griffith,  M.D.,  Surgeon,  N.  Y.  i2mo  of  278  pages,  illustrated. 
$1.50  net. 

"These  subjects  are  treated  most  accurately  and  up  to  date,  without  the  superfluous 
reading  which  is  so  often  employed.  .  .  .  Nurses  will  find  this  book  of  the  greatest  value." 
—  The  Trained  Nurse  and  Hospital  Review. 

Clarkson's  Histolo^ 

A  Text-Book  of  Histology.  Descriptive  and  Practical.  For  the 
Use  of  Students.  By  Arthur  Clarkson,  M.  B.,  C.  M.  Edin.,  formerly 
Demonstrator  of  Physiology  in  the  Owen's  College,  Manchester,  Eng- 
land. Octavo,  554  pages,  with  174  colored  original  illustrations. 
Cloth,  $4.00  net. 

"  The  volume  in  the  hands  of  students  will  greatly  aid  in  the  comprehension  of  a  sub- 
ject which  in  most  instances  is  found  rather  difficult.  .  .  .  The  work  must  be  considered 
a  valuable  addition  to  the  list  of  available  text-books,  and  is  to  be  highly  recommended." 
— New  York  Medical  Journal. 

Gorhatn's  Bacteriolo^ 

A  Laboratorv  Course  in  Bacteriology.  For  the  Use  of  Medical, 
Agricultural,  and  Industrial  Students.  By  Frederic  P.  Gorham,  A.  M., 
Associate  Professor  of  Biology  in  Brown  University,  Providence,  R.  I., 
etc.      i2mo  of  192  pages,  with  97  illustrations.      Cloth,  ;>i.25  net. 

"  One  of  the  best  students'  laboratory  guides  to  the  study  of  bacteriology  on  the  mar- 
ket. .  .  .  The  technic  is  thoroughly  modern  and  an, ply  sufficient  for  all  practical  pur- 
poses."— American  Journal  of  the  Medical  Sciences. 

Raymond's  Physiology  ^'TntiSr; RfwHu™""' 

Hu.MAN  Physiology.  By  Joseph  H.  Ravmonh.  .\.  M.,  M.  1).,  Pro- 
fessor of  Physiology  and  Hygiene,  Pong  Island  College  Hospital,  New 
York.     Octavo  of  668  pages,  with  443  illustrations.     Cloth,  J3.50  net. 

"The  book  is  well  gotten  up  and  well  printed,  .nnd  may  be  regarded  as  a  trustworthy 
guide  for  the  student  and  a  useful  work  of  reference  for  the  general  practitioner.  Tlic 
illustrations  are  numerous  and  are  well  executed." — The  Lancet,  London. 
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Ball's    BacteriolO^  Just  issued— Fifth  Edition.  Revised 

Essentials  of  Bacteriology  :  being  a  concise  and  systematic  intro- 
duction to  the  Study  of  Micro-organisms.  By  M.  V.  Ball,  M.  D.,  Late 
Bacteriologist  to  St.  Agnes'  Hospital,  Philadelphia.  i2mo  of  236  pages, 
with  96  illustrations,  some  in  colors,  and  5  plates.  Cloth,  $1.00  net.  In 
Saunders''  Question- Cornpend  Series. 

"  The  technic  with  regard  to  media,  staining,  mounting,  and  the  like  is  culled  from  the 
latest  authoritative  works.  " — The  Medical  Times,  New  York. 

Budgett's  Physiology 

Essentials  of  Physiology.  Prepared  especially  for  Students  of  Medi- 
cine, and  arranged  with  questions  following  each  chapter.  By  Sidney 
P.  Budgett,  M.  D.,  Professor  of  Physiology,  Medical  Department  of 
Washington  University,  St.  Louis.  i6mo  volume  of  233  pages,  finely 
illustrated  with  many  full-page  half-tones.  Cloth,  ^i.oo  net.  In 
Saunders'  Question-  Compend  Series. 

"  Contains  the  essential  facts  of  physiology  presented  in  a  clear  and  concise  manner." — 
Philadelphia  Medical  Journal. 

LerOy*S    Histology  second  Edition,  Revised 

Essentials  of  Histology.     By  Louis  Leroy,  M.  D.,  Professor  of 

Histology  and  Pathology,  Vanderbilt  University,  Nashville,  Tennessee. 

i2mo,  263  pages,  with  92  original  illustrations.     Cloth,  $1.00  net.     In 

Saunders'  Question-  Compend  Series. 

"  The  work  in  its  present  form  stands  as  a  model  of  what  a  student's  aid  should  be  ;  and 
we  unhesitatingly  say  that  the  practitioner  as  well  would  find  a  glance  through  the  book 
of  lasting  benefit." — The  Medical  World,  Philadelphia. 

Bastin's  Botany 

Laboratory  Exercises  in  Botany.  By  the  late  Edson  S.  Bastin, 
M.  A.,  Professor  of  Materia  Medica  and  Botany,  Philadelphia  College  of 
Pharmacy.     Octavo,  536  pages,  with  87  plates.     Cloth,  $2.00  net. 

"  It  is  unquestionably  the  best  text-book  on  the  subject  that  has  yet  appeared.  The 
work  is  eminently  a  practical  one." — Alumni  Report,  Philadelphia  College  of  Pharmacy. 

Frothingham's  Guide  for  the  Bacteriologist 

Laboratory  Guide  for  the  Bacteriologist.     By  Langdon  Froth- 

INGHAM,  M.  D.  v..  Assistant  in   Bacteriology  and  Veterinary  Science, 

Sheffield  Scientific  School,  Yale  University.   Illustrated.   Cloth,  75  cts.  net. 

A  .  v^        1       1     T<k.*     1*  Fourth  Revised  Edition, 

American  Pocket  Dictionary  Recently  issued 

Borland's  Pocket  Medical  Dictionary.  Edited  by  W.  A.  New- 
man Borland,  AL  D.,  Assistant  Obstetrician  to  the  Hospital  of  the 
University  of  Pennsylvania.  Containing  the  pronunciation  and  defini- 
tion of  the  principal  words  used  in  medicine  and  kindred  sciences,  with 
64  extensive  tables.  Handsomely  bound  in  flexible  leather,  with  gold 
edges,  $1.00  net ;  with  patent  thumb  index,  $1.25  net. 

"  I  can  recommend  it  to  our  students  without  reserve." — J.  H.  HOLLAND,  M.  D.,  Dean 
»f  the  Jefferson  Medical  College,  Philadelphia. 


^^•^;'^4^^|pi^^       Nothnagel's  encyclopedia^of 
r- ;^!rs^-^rV  '       practical  medicine. 
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